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PLANT AND MA(!H1NKI{Y. 

By W. H. Coleman, F.[.C, 
Chemical Engineer, Glasgow. 


OwiNa jirobably to the general industrial^ depreasion, very little 
of great interest has appeared jluring the jjjwt year, •which seems 
to hav4tJijtfrt!fevotcd chiefly to mifibr imi>w)V»»ncnt8 in existing 
plant and to investigations having for their object thp goUection 
of data which may serve as a basijfar improving the design, working, 
and effieieney of various wpes of chemical plant. There is still 
room for a great deal of research in this direction and the joint, 
action of the Association of British Chemical Manufacturers and 
the British pj^cmical Plant Manufacturers’ Association in forming 
, a Committee to consider tl^ standardisation of chemicathjijant wiU, 
i^ is Hoped? lead td^results of great benefit to the indiwtry, not 
only by rendering various types of plant uniform in ^sign and 
«onul1kii<^A‘;wid facilitating output, but al^—and this is perhaps 
more important in some respects-^<@5lfbling broken parts to bo 
replaced from stock. This would do away with many jerious 
delays to tjje course of productiba due to sth/ breakdown of 
machinery. 

taking the subject in as natural an oijler as powible^ thiaproduc- 
tion of power forms a useful starting point. * Although the coal 
strike iq the earlier part of the^ear forced many manufacturer* 
to replace their dbal-fircd boiler furnaces by argfuigements for the 
utilisation hqillS f«el, nothing very navel in the shape of oik 
"burners has appeared. Perhaps the most important contribution 
to our knowl^e was 1*. Kestner’s lecture on boil8r-feed wate^.* 
The corrosion of boiler plates has been shown to bo very largely 
dim to oJygen dissolved in the feed water; it was further shown 


^ P. Kefltner, J.y 1921* 67t. 
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■Biat'this cguia'tii got’rid of b^aBsiqg the^waterronjits^vay to the 
hoilei, through^essels filied mth turnings toade from iron containii^ 
a .good deal of mangandio*UriSi which -viis easjjy ^idised. This 
process is combined with a system of ftpntinuous blowing down 
ai^ utilisation of the heat of tho;jvater blown down s*th(at both 
corrosion and accumulation of sludge in the boiler are avoided. 

In griSiding and pulverising plant many minor improvements 
have been effected which, however, do not require individual 
mention, and the same may be said to a large extent o^aixing and 
^giteijgg machinery. 

However, in a paper on the manufacture of pure hydrogen® some 
interesting particulars of plant occur. Purifiers for both water-gas 
and hydrogen were successfully constructoil of reinforced concrete 
and the vessel used for the hydrogenation of oils, in which » very 
intimate mixture of the gaseous and liquid materials is essential, 
has some features well worthy of consideration. It consists of a 
tall, relatively narrow cylinder, suitably jacketed and expanded 
ab»>ve and below into chambers ^of greater djameter. The nanow 
’'Cylinder is provided with fixed transverse baffles shaped like pr^lff 
ler blades, esch alternate baffle being arranged to direct th» gas and 
liquid, which are oiraulated in opposite directions by external 
pumps, alternately hi a clbclhn^i atfd an anti-clo5SWiSidi»ection. 
The adyrntage of such apparatus consists in providing means for 
obtaining an intimate contact without tjfc use of any mechanically- 
operated devices, and which can consyqucirtly be constructed of 
■almost any suitable material. This type of plant should find many 
applications in other directions than that for which it was d. signed. 

The use of superheated water and of a high-boiJit]g and high- 
fSsh-poiut' bil for ednveying heat from the furnace tp the*ves8el 
to be heated is attracting more attention and'presentfsever&l 
features of importance, notably the ease of control ^ich sucl^ a 
system gives in addition to ^lm lessening of fire rislferr alscJ* 

been proposed “to utilise sup^eated steam for heating by spraying 
the BQ^Jtion wl^ich it is desired to heat into the steam. Iif this 
way very intinfot^ contact fe obtained and the stpam becomes 
saturated. The operation is so controlled that tfie saturated 
steam ofctaincfi i^at^ufficiant pressure for use after being separated 
from the concentratkl liquid. ^ , 

A study of the condensable gases in ammqnia refrigerating 
machines,* which tfonsist chiefly of nitrogen andtodro^n, together 
with a little oxygen, ha^ led to the conclusicSi that tha presence of, 
carbonates, acetates, and acetonitrile serves to increase considerably 

« E, B; Masted. J., 19'21, 171t. 

ft. Kaesbohrer, G. P. 336,611 ; J., 1921, 6Ua. c ^ 

•- E, C. MoKeWy and A. Isaaca, V. S. Bureau of Standards, Tech. Paper 

’l80| J.. 1921, 287 a. 
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me corrosive a^iuqn of a^iuoipa at (binary tlmpefatbr^, bat that 

than 0-003% of carbonate is^witmiut action, ^he addition of 
0-2% of Bodiaie^ oj potiiSsium bichrbfiatfi to the charge prevents 
corrosive action. Advantage is taken of the disproportionately 
high vatoeof the specific'heat o^ir at ver^'high pressures toMtihse 
it in place of ammonia or carbon dioxide in refrigerating machines. 
The air is compressed to a very high degree and subsequently 
expanded to a lower but still high (50 atmospheres) pressure. ‘ 

In proqe^^s for purifying gases and condensing volatile vapours 
electrical precipitation methods have received a good of« 
attention chiefly as to details of construction. The capac^ of 
activated carbon for absorbing the vapour of water, ether, alcohol, 
benzene, etc. has been determined, and useful curves constructed 
showiug the relation between the amount of vapour absorbed and 
the partial pressure of the vapour in the mixture. Carbon is useful 
for removing vapours of organic substances, but not for small 
traces of water.® Colloidal silica or silica gel is suggested as an 
absorbent for use in the recovery of gasoline, sulphur dioxi|Je, 
nilRgen cwcMes, ancf vapours of volatile solvents.’ A variety 
prepareel by drying the unwashed silica gej from water-glass ana 
hydrochloric acid^at 300° C., plunging it >^110 still hot into hot 
distilleiaitef^ashing by decantatidh liill free from hydrochloric 
acid, drying again at 300° C., and repeating the process tilj a»material 
free from chloride is obtain|d, gi^e» a product which has an absorp¬ 
tive capacity for nitrogen a(i -190° C., about 63% greater than that 
of the best charcoal.® 

•Continuous, rotary filters seem to be finding an extended applica¬ 
tion in chemjqal industry, and filter cloths of metallic gauze, or of a 
mixtuie of m^llic filamei^ts with animal or wegetable^br^s, are 
new flBed !nore« friUjoently. Filter cloths are protected from 
corrosive action by coating them with a suitable metal, either by 
«prayfc^.^W;. 3 l^alvanio deposition, care of course being taken not 
to fill u^he pores entirely.® Matft®is which contain colloidal 
mat(»r and are difficult to filter are, if practically free fro:^ acid, 
rendered ea^ of filtration by jjhe Edition of%Jlasio zinc com¬ 
pound.’® This idea of adding substances to assist in filtration 
sltiuld be capable of considerable extens(pn and is worthy oifurther 
study. ^Improved filter-presses are construoteS with wide, double 

* Ges. fiir Lind^ Eismasjhinen A.-G., G. P. 3235900; J., 1921, nu. 

* EJ Berl and KkAndrcsa, Z. angew. Chem., 1921, 34f 369, 377 ; J.,^921, 
.067a. 

’ E. B. MUler, Chem. oijd Met. Eng., 1920,28,1100,1219,1201 j J., 1921, 
109a. • 

* H. Briggs, Proc. Boy. Soc., 1921, A, 100,88 ; J., 192k 799 a. 

' J. Rahtjen, G. P. 329,061 and 330,710 ; J., 1921, 203a, 287a. . 

’• D. P. Haynes, and Boseberry Surprise Mining Co., U'.S.P. 1,373,887 i 
• J ., 1921, 334a. 
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inleto and gutieu. me ciotnsprc 8U]m)on;^a oy Tvia^mesn, aouoie- 
orimpod, wire gg,uze shcfcts, iwppjrted by a few diagonal ribs cagf 
on the face of the plate? ^his allows tife filtijit^4« drain away 
freely and prevents the cloth bedding against the plate. Until the 
frjme# are full, only oife inlet is used, thb other serving allow 
air to escape. The outlets for each face of the plate are arranged 
on opposite sides so that any leaky cloth can be located and shut 
off.“ The Joint fe'ommittcc referred to before, has issued a Report 
on the Standardisation of Filter-preases.’* The details^ construc- 
■tioim^ver 800 cast-iron presses have been collected and proposah^^ 
for standardisation of djpiensions and forms of construction have 
been drawn up and are being submitted for consideration. One 
fact which has been brought out is an e.xoellent example of the 
advantages to Ixs gained i>y the whole industry from the w«rk of 
the Committee ; it has been found that the pro^ ision of a flange 
on the side of the frame from which the washing liquid is discharged 
considerably increases the; efficiency of the washing, as it prevents 


th% liquid from passing round the edge of tlm cake without doing 
<*ny work. Now this fact has bci"i known for some tine to mlBlJr 
people, but only now, ^d owing entirely to the work of tiie Com¬ 
mittee, has it been adapted as a stjindard featun' of construction. 
Team work of this kind .sifoflldYlo much to help tJftNuijiatry not 
only by fficilitating cfaistruction and nplaea’mcnt of plant, but if it 
happily loads to a pooling of (jtn knoy ledge of. methods of con¬ 
struction and of manipulation it will sej. free much energy for the 
investigation of fresh fields instead of wasting it on rediscovering, 
over and over again, what has already been found out but not maefc 
public. Another probable advantage that will resylt from this 
' work wilkbjb«tho simpkfication of the details of plant whilst reteining , 
the guiding principles. r * > 

In drying plant, as in many other branches, the year has beyn 
prolific in investigations undertaken to obtain dataJfef^lmbAffther-i* 
ance of improved design afuTmethods of operation.’’ The use of 
gases inch as carbon dioxide and sulphur dioxide is advocatefi for 
drying certain solfoidal subst^nc(^ such as smokelqjjs powder.” 
The gas is circulated over the material, and in the case^of smokeless 
powder tskes flp Aha, and this is subsequently recovered by passii% 
the gas through alcohol, 

Another new departure is the application of the^thermo-oempres- 
sor system to drying. A drying kiln very similarjb the well-known 
Notary roaster is constru6ted with hollow met&l hearths^ the steam . 
given off by. the material as it passes over the hearths is withdrawn, 


“ C. D. Burchenal, Chem. and Met. Eng., 1921, 28, 470 ; J., 1P»' , 728a. 
J., 1921,401k. 

>• J. Ind. Eng. Chem., 1921,18,427 ; J., 1921, 497a. 

“ G. P. hunt, E. P. 159,405 ; J., 1921, 72eA. ‘ 
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oxiu UIJ.UW teipporature rdfoed by oeingtcdhipjessed, it is 

»tumed to the hollow ly^arths t^ as^he hcalyng agent. 

Studies f>f tf^fparators’havc been continued,” and in evaporators 
having horizontal tubes it has been found that the heat transmitted 
from the Superheat of superheated stea^i is Sinall compared \yth 
that transmitted from the latent heat of condensation, also that the 


maximum capacity occurs when the tubes are from oite-half to 
two-thirds submerged in the liquid. Other Experiments with 
vortical evaporators concentrating tannin extract have shown that 
*^oater efficiency is attained where the heating surface dinj^sheS 
in successive effects than in apparatus in which the cfffxjts are all 
of the same size or are in ascending order of size.” In evaporators 
working with steam compression {thermo-eorajjressor systems) 
it ha* ** boon found ” that much steam iswequired to drive the com¬ 
pressors, and that this must be taken into consideration. With 
weak solutions, saving is only effected by linking the compressor to 
the first effect of the series, and with more concentrated solutions 


ajj^ higher grcssuro.s,stcam comjjfession offers no advantages. • 
Piston Compressors arc better than centrifugal compressors, bu# 
the oil harried forward with the compressed steam diminishes the 
beat transmi^)fi considerably. ^ * ■ * 

Theimportance of maintaining constant conditions in con¬ 
tinuous distilling and fractionating plant is much too frequently 
ignored and the descriptioS of devices regulating pressure, tempera¬ 
ture, and rate of feed” is M interest. 


• For the protection of vessels from corrosion metallic coatings 
applied galvanically have only a short life, owing to their porosity, 
and s)jeet nl^l linings are useless where vaoi^um is to,1jc used, the 
only »*isfahtory^mq>allic lining being homogeneous lead.' Paint and 
varnish will not withstand mechanical friction and enamel, though 
,ofheil^e wry good, chips easily. Earthenware linings are good 
hut too %ick and heavy, and liningseformed of thin glass plates 
hav* been found to ho very durable and not liable to fracture when 
exposed to sudden changes of teiinperature.”,^ A mixtur# of 40 
parts of sulphur with 60 parts flf sand melted together and poured 
Wto moulds’like concrete is a useful material foj tl^ji construction 
of acid tanks and gutters, etc. When %et it lias a tensile strength 
of 400dh. to the square inch, and jt can be pftured in several separafj! 
lots, as‘each fresh lot njelts the surface of the previous one and 
forms a geod joiut.'^ 


** W. L. Bailor, Che^. and Met. Eng., 1921, 25* 458; J., 19iM, 725 a. 
Bepasse, Bull. Asaoc. Ckim. Suer., 1921,88.383 ; J., W21, 681a. 

H. Olaassen, Z. angew. Ohem., 1921, 34, 233 ; J., J921, 455a. 
E^Barbet et Fils et Cie., E. F. 129,648 ; J., 1921, 33a. 


F. SchOler, Chem.^ZeU., 1921,48, 315; J., 1921, 421a. 

“ R. F. Boeqp and Ef. S. Davis, Chem. and Met. Eng., 1921, 24, 65. 
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A Wide rule^cf caftulating Ahe wnf, an^ dry weights of damp 
material ihd alincmentwharn or nomograms ^ are. useful aids t§ 
th^ works manager, and thdir SHapt&tion to A.her tjp^f salculation 
ought not to present any great difficulty. « 

The (Question of cowosion of the nyikterial8*u8ed in the cc«stpiction 
of Sheraical plant is of perennial interest, and the sudden and often 
inexplicable failure of lead sheets, specially those used in acid 
chambers, is unfortunately only too familiar. It is therefore of 
interest to refer to some work on this subject."^ Tim study of 
4dched surfaces of lead under the microscope has revealed that 
lead wSch has given way shows certain segregations in its crystalline 
structure, and although the work is being continued, at present 
Pattinsonian is to be preferred to Parkt's lead, as the latter may 
contain dangerous amounts of zinc which are difficult to detect 
with the microscope. 

The use of pumps and pipe, lines for movdng easily melted solids, 
such as salty creosote and pitch, and of motor trucks and tractors 
in jhemioal works, is extending,** -and those rer[uiring to employ 
^ety devices against dangerous fases will find usefulAipts in tSR 
paper on industrial respirators.** 

A very useful material for constructional 'Wiprk in chemical 
factories is the neawheat-interCepting glass. Tliis raStbiiri^^tams 
small amounts of certain metals ‘ such as cerium, chromium, etc., 
which render the glass impervitujs to lyat rays,- whilst the light 
rays are not seriously impeded in their passage. It can be produced 
in several qualities, among which the* “ Aqueduct wire glass,” 
which'is drip-proof, should bo vciy suitable for roof lights over ope* 
evaporating and boiling’-pans, any moisture that contuses on the 
under sn^acf being guided by grooves formed in tBe*undes side 
of the glass to a gutter. Another useful kind is tjie “ tlorfagated 
wire glass ” ; this can bo used in conjunction with corrugated 
iron sheets to provide jjlenty of top or side light at IjjMlfc 
One can hardly conclucfc?' without referring to the ^o-called 
“ colloid mill,” ** though, as the reports received are somewiial 
conflicfing, a rei^ar.ce will sugk’c. 


« E. Seott, J., 1921, 96t. 

*> A. i V. IknaffikkCAm. ^rade J., 1921, 68, 233, 209 ; 1921, 169a* 

“ W. G. MoKellar, J., 1921, 137t. 

' “ S. P. Miller, J., 1921,.'153t, and M . P. Kennedy, J., 1921, 271%* 

“ L. Levy and D. W. West, J., 1921, 234t. <• * 

, “ a Alleman, ^.,''1921, gilT. ^ vv’ , 

” B. Blook, Z. angew. Chem., 1921,84, 25 ; J., 1921, 169a. H. Plauson, 
iMd.. 1921,84. 46^, 472 ; J., 1921.799a. 
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By J. S. S. Brame, 

Professor of Chemistry, Royal Naml CoUeye, Oreenivich. 

Coal. 

J. E. Hackpord* puts forward intinvsting speculations as to the 
conditions under which oil and coal were fonned. In the case of 
a deposit containing either animal remains or marine vegetation, 
these on decomposition form oil and gas which, if in a sandy bod, 
are swept away by either gravity or water as rapidly as formed, 
since neither the animal remains nor the marine vegetation contain 
cellulosic material cj^pablc of forming a sponge-like mass, which 
would hold‘i.he oil in situ during the decomposition stage. 

In tlw case of a buried deposit of terroi^rial vegetation, similar 
decompositioi^ e'uld take place, but owmg to .the cellulosic nature 
of the «iaHh'iH and its spongy character, the oft is retained while 
decomposition proceeds. With a rise of temperature hpt above 
100° C. the oxy- or thioaspJialteneB simultaneously formed wth the 
oil are converted into kerofipnes (those portions of bitumen insoluble 
in carbon bisulphide). The kerotenes become more and more- 
ffisoluble, until they are not dissolved by pyridine or quinoline, and 
so remain solid in the sponge-like mass afforded by the cellu- 
losic structyre of the terrestrial vegetation. The amouiJt pf soluble 
Bitumens should^ tiferefore, be greatest in peat and should decrease 
through liOTite, sub-bituminous, bituminous, and semi-bituminous 
'coals^hjM ie^tated to be the case. • 

“ Petroleum oils are clearly not deSved from coal; but given a 
quantity of vegetal matter, petroleum may be produced qpder a 
given set ofrfircumstances if no^celfulose is pres'infand coal will be 
formed if thp vegetal matter contains sufficient cellulose to form a 
,^nge.” 

F. Fischer and H. Schrader* consider also that' hydrocarbons are 
formea,from bitumen. The ceBuloso is (Ssoomposed by bacterita 
agency into carton dioiidc and water—a chiinge which can be 
followed i^ peat. TBfc cellulose disappears whilst the lignin of th* 
vegetal matter is copverted into those wonderfully indefinite 
“ humic substances.” It is claimed that the behavibur of cellulose 
id lignin respectively with reagents, and the production of phenols 

> Min. * Met., 1920, No. 163. 

> Brenmloff.ahrm., 11)21, 2, 37 ; 1021, 172a. 
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from* this portl&ikof tftc coal substanci!, inc^cating that fhe benzene 
type of structure in lignin poiwsts, show that lignin mustberegardqjj 
asithe mother-substance fh Sal. *By eon(fentraijon^o.waxos and 
resins in the vegetal matter become increased in the coal. ■ 

'Min^al Matl&- in Coal. 

F. S. Sjnnatt, A. Grounds, and P. Baylcy“ presented an interesting 
paper on the white (or nearly white) partings of mineral matter, 
ranging in thickness from a mere film one-eighth of an inch, 
^which ar(i frequently found in coal. It is found that these fre- 
quentljtshow “ rust,” duo to oxidation of ferrous ii-on ; manganese*” 
was also shown to be a frequent constituent. These partings 
(“ ankerites ”) are either substituted eale sj)ar or dolondtised 
siderite, and have presumably been forintvl by the infiltration of 
water. They play an imjfiirtant pari in the disintegration of*coal, 
forming planes along which cleavage is easy. The coal substance 
may Ixi very low in ash, and the analysis of the a.sh very different 
from that of the ankerites, the latter containing no alumina, whilst 
thd silica content of the true coaj ash is many times greater tl^j^n 
’that of the ankerites. 

H. F. Yancey and ¥. Fra.ser^ have cxtenderl the work* on the 
sulphur in coal and ftivcstigatcd thi; important' %iiostion of the 
distribution of the*pyritic and organic sulphur. Sulphate fiblphur 
was disregarded, being very low in freshly mimsl coal. Pyrites 
is very unevenly distributed antf, depei^ing on the form, more or 
less removed by coal washing. The Organic sulphur varies in 
"different coals over very wide limits. In ten coals it ranged froip 
20-4% to as high as 83-7% of the total sulphur. The ordinary 
washing processes do^not remove organic sulphur, this bein^ part 
of the cdal substance, and when sulphfir content in tfiis iffipm is 
high it limits seriously the extent of sulphur removal by washing. 
The distribution of organic sulphur is nearly uniform j;hrougho«t 
the seam, and high pyrhic sjjjphur content is not indfoati«S ra high 
organic sulphur. No evidence was found of any concentration of 
organic sulphur in Qie coal immediately adjacent to pyrite deposits. 

A useful develd})ment in the Activities of the Fuel Research Board 
is the issue of technical papers. In the first of these ff. Gray an^ 

J. G. Kidg® describes new laboratory method for the assay of coal 
fpr carbonisation putpuses. The,main object, according to the 
text, was the developmtent of a standard ,method,of carbonisation 
assay ,»by means of'which coals could be charactegped anijl classified 
with a precision which has not hitherto been attained by any 
method in general use. It is questionable -how far the results of 
carbonising 20 g. of coal up to a maximum temperature of 600° C. 

; J.-, 1921, It. 

*J. Ini. n»g. Chem., 1921, IS, 35; J., 1921, llOi, 

‘ Of. J., 1921, 205a. 
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throws ligjjt on I'esults or characteristics which %btain at •tem¬ 
peratures of ihoro than«doul5\o this^axipiura. I'or example, the 
Iflghest gas yield is equivalent rto ©60, cub. ft. "tat 60° F.), and 
the “ oils *’ Ti^re'a maximum of 39 galls, per ton. Takiiig fhe 
minimum “ oils ” from bituminous coals (omitting a weathered 
sampl^ fSjOut 29 galls, per tOn is recorded.” Complete analyses 
of the gases evolved are tabulated ; with three bituminous coals 
with approximately 40% of volatile matter (on ash-free iry coal), 
the carbon dioxide content of the gas is 10'4-l^-7%, whilst with 
four other coals, volatile matter 37-25-38-28%, the carbon dioxide 
•is only 4-2-7-5%. The evolution of carbon dioxide from Hgnites 
at low temperatures, as recorded by W. A. Bone {loc. cit.), is of 
interest in this connexion. It would have botm interesting to have 
compared the oxygen content of the coal with the carbon dioxide 
in thh gases, but unfortunately, compleUe as the data for the coat 
and products are in other respects, ultimate composition is not 
given. Such data would again have been useful in connexion 
with the yield of ammonia. 

^ method for determining tho».voIatile matter in coal has bSen 
described by W. A. Bone and L. Silver* for which greater accurac/' 
is clainfed than is attainable by the standard American method, 
or by coking jp-a’fireclay crucible hogt^ in" a muffle. The failure 
of theift f^thods to indicate small differences'in composition of 
anthracite through a seam led to the development of "the new 
method, for details of wJich the original pai)er should bo con¬ 
sulted. The special point8«claimed for the new method are accurate 
(jpntrol of temperature and of the rate of heating, complete car¬ 
bonisation at whatever working temperature is chosen, and car¬ 
bonisation iniwn inert atmosphere. 

* f^ontanemis Heating of Coal. 

^ •Th^Finsl Report of the Departmental Committee on Spon¬ 
taneous *Gomb'astion of Ooal in Mwps’ contains five sections: 
(1) p!istorical review, (2) Probable causes, (3) Practical aspect as 
applied to coal mines, (4) Hydraulic stowage, i^Ldonclusic^ and 
recommendations. It cannot be sai3 that the imaings add in any 
ijay to what was general knowledge among scicntific^men who had 
followed the many researches on the cailses. it is, however, useful 
to have this collection of historical materiel and the definite laying 
of the bbgey of j^'rites ai^the cause of combflstipn. It is interesting 
to compaije the #tat^ent in Percy’s “ l^etallflrgy ” (I875)> wit^ 
the Committee’s conclusion. “ Incipient combustion . . . was 
due to the heat developed by the oxidation of acpumulated fine 
coal, just as in the well-known case of a heap of oil rags ” (Percy). 

" GMm. Soc. Tram., 1921,119, 1145 ; J., 1921, 615a. 

’ Cmd. 1417,1921. 
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“ THe self hoaOJng of doal is m^Iy d|je to the abSorptiol# of oxygen 
by the coal resulting in the generation of heat in so far as 

t^e heating effec'ts are coBceRiod fiti is a Chemical gjpeess and nSt 
a physical process ” (Beport). » . * ^ 

It may perhaps he well to quote the paragraph in ^e,Report 
referring to pyrites : “ Some small Amount of heat may be developed 
by the (widation of pyrites in the coal when it occurs in the form 
of maroasite; bqt that as pyrites is present in the coal in such 
small proportion as compared with the coal substance proper— 
which is a bad conductor of heat—the effect of this heat is negligible. 
ThefSsief part played by pyrites when present in an unstable fornf 
is that of a disintegrator of the coal, so rendering the latter more 
permeable by air and exposing a greater area of coal substance to 
oxidation.” This might almost be a quotation from the con¬ 
clusions of the late V. B.*rjewes. * 

T. F. Winmill* instanced an interesting case where pyrites did 
apjKjar to have played an initial part in starting heating. The coal 
(Bullhurst, W. Staffs.) has such a low rate of heating when pure or 
^when containing its usual amount of pyrites that it cjpild not saif- 
heat, yet the coal from the seam is more liable to spontaneous 
ciombustion than any efther coal in the district. ^It does, fiowever, 
contain patches of. higfi pyritic conthqt in a finely diaidgd state and 
Winmill considers that the “ initial impulse to sclf-heati^ ” lies 
in these’patches. 

In one of the Appendices R. V. Wheeler describes experiments on 
. the rates of oxidation of pyritic and n(}h-pyritio coals which show 
that the presence of pyrites actually exerts a retarding action, probab^ 
acting in the same manner as any other inert material. The experi¬ 
ments wery.parriod opt in the apparatus Wheeler used'^6r measuring 
rate of oxidation and relative ignition temperatures of# coate * , 

The following results, as c.c. of oxygen absorbed per gram of 
coal in 96 hours, were obtained :— 



' Barnsley Seam. 

1 Bullhurst' 

‘ Billies.’** 


„ FeS. ,, 

FeSj 

FeS, * 

FeS, 

Temperature. 

Wo 

17% 

5% 

( 

38% 

C 

<*• 

> 


« ^ 

#_ 

30“ C. 

394 

3-61 


. 1-28 

100“C. ‘ 


42-70 

" 27-20 

24-00 


' ' See Ann, Syptt., 1917, 8, 20. 

* Chem. ^. Tnns., 1918, 114 , 951; Ann. Refit., 1919, 4 , 23. 
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Ciml Ohnning. 

- This very important’question has Acen'dealt wjth in papers and 
articles by ^. Nelson’”, G. St. PSrroxt and S* P. Kinney" and 
F. B. .Jones." 

The* great deterioration in tiio quality of coal used for'genq^al 
industrial purposes—^particularly “ luiscreened small ”—in recent 
years has been a source of loss and trouble in many iAdustries, 
particularly the gas industry and power plants. Sir George Beilby, 
in his comprehensive James Forrest lecture on “ Fuel Problems 
of the Future,” delivered before the Institution of Civil Engjpeers, 
June, 1921," gave the following averages over thirteen weeks for 
the coal used by the Central Electric Supply Co.;— 



lltW-lfllS 

(Winttir). 

1920, 

C-aloriiic value, H/ni.U. .. 

Ash, % . 


I0,."j80 

i:i-o 

18-4 

Price per foii , 

148. H 

4.'>s. 2d. 





The 64% ash increase means rather more than 1 cwt.'per ton. 
From other authentic records covering forty separate cases for coal 
supplied under the same designation, before and since the war, 
the average increase in the ash was no less than 63%. When it 
& remembered that with high ash the mere percentage increase is 
not the fulljncasure of the losses entailed, that greater difficulties 
arise in getting the best out of the fuel, that clinkermg'troubles 
ahd tSe cost of disposal of ashes arise, that, in the total, an enormous 
ejgpenditure of other fuel, of rolling stoek, and of labour is entaEed 
"in hahJing useless mineral matter about the country, it is obvious 
that the erection of more extensive installations of cleaning plants 
is bdth a commercial and a natiopal necessity. It is estiinated 
that of the ^5 million tons of sleek coal .used for iifdustrial purposes 
nearly 90% is unwashed. 

'■A simplified washery plant, known^as the ‘‘Khwla^eur," of 
Belgian design, has been described by R.,Nelson." It is claimed, 
that the initial cost is low, as are also maantenance and running 
costs, there is economy of space as compared With most washers, 
and complicated mechanism being absent, control is easy. 

>• Engineering, 1921 , 118 , 74 . 

"CA«k. <fc Me*. Eng., 1921, 26, 182 ; J., I921,.016a. 

"Proc. S. Wake Inst. Eng., 1921, 87. 331. 368 ; J., i'921, 769 a. 

” See Engineering, 1921, 3i2» 26. 

w Engineering, 1921, US, 74. 
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One of the /difficulties with the older type cf« wash^ ftas with 
the very siliail coal and washa^ find, and <a great deal of attention 
has been givenJito the’^rop %)tation process (Trent proces^. 
Tliis has been dealt with by R. Nelson (he. cit.), Beiyl^ and Kinney 
(foe. ci(f), and F. B. Jones (loe. cit.). As applied to smalls the material 
is^rushed to pass a scr^n with about one-tenth inch'aptrture; 
it is thei^mixed with three or four times its weight of water, together 
with about lib. of J[,ar oil, water-gas tar, or similar products, per ton, 
and the whole thoroughly agitated so that efficient aeration takes 
place. The aerated froth carries the coal particles to the surface 
whel»»tho mass is removed by paddles. 

The process is not dependent on differences of specific gravity, 
so that material of much the same specific gravity can be separated. 
Interstratifiod coal can bo cleaned, but it is important to note 
that pyrites is wetted by^oil and so floats with the coal. The oil 
product should preferably give a low surface tension between it 
and the coal and a high surface tension between coal-water and 
oil-water. 

\jne of the difficulties with all ^c and wcti*d coal is the removal 
of water. With the flotation process water may b#removed*T)y 
vacuum filtration to about 10% ; a kneading machine is>elaimod 
to reduce it to 5"^.' * _ , • 

Results for the cleaning of Derbyshire Hard Top coal were:— 


1 

Weight. 

As^. 

« 

Fi5ceti 

carbon. 

Volatile 

matter. 

Untreated 

100 

29-55 

48-20 

22-35 * 

Clean coti **.. .. 

751 

OfO 

60-2^* *■ 

< 

^-90 

Bejected 

j 24-9 

1 82-45 

2-75 

- -~r 

14‘80 * 

- 


-—- • — 

• ,4 ' * . 

** Lignite. ** 


Sir'd. Beilb)i^*j^oted the injportance of lignite and browif coal 
as fuels, pointing out that,'altheugh there may bei 40-60% of 
water pj^eq^., ^hey are by far the cheapest sourc* of thermal 
units. In 1920 th» browts coal and lignite output was 143 milliSn 
/tons, or 11% of the toifcal coal optput. To this output Qprmany 
contributed no less thhn HI million tons, and ^eilby makes the 
.following significaht coipment: “ Accordmg to tjie extent to which 
Germany can meet her own requirements Tor heat aiSl power by 
thf development of lignite, peat and water power, the output 
of her coal mines will be free for export, and she will thus take a 
mQfe important place in the markets of the world.” 

“ James Forrest Lecture, fcc. cit. 
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In imp&rj^nt Coionies,. Australia and Canada, wl^re there iire 
large deposits of brown coal, iti full a!id efficient utiRisation is being 
iifl'estigated. A' Lignite .Utilisation ^oa{3 of Canada has been 
established fcn#’noAsiderable experimental work carried out. -The 
price of coal in the provinces of Manitoba and Saskatchewan has 
risen to au& a point that the p»oduction,of a Suitable altematiue 
fuel from the large lignite deposits in these provinces was first 
considered, development being on the lines of concentration to 
give the best quality of solid product, the gases afid tars being left 
out of consideration. 

Working for the Board, E. Stansficld has studied the carbon¬ 
isation of low-grade lignite from S. Saskatchewan,*^ and as a result 
a suitable type of plant and method have been developed and 
plant capable of dealing with 200 tons per day partly erected. 
It has’been found that a short earbonisation in thin layers gives a 
residue of practically the same calorific value as that obtained 
by carbonisation at the optimum temperature (575° C.). The 
retorts in the semi-eommereial carboniser arc long and narrow, 
incited at an angle oi45°. Cast fj-on baffles run across the rctorflfi, 
with a clearfthce under them of 0-5-1 inch. This arrangement 
ensures a steady slip of the crushed lignite in layers of suitable 
thickness through R-he retorts. 'It is of interest to note the use of 
carborundum slabs for the beSttom of the retdrtff*-a use for high- 
temperature work which appears to be extending, for carbar.undum 
is also used in the low-teAperatufe retorts in the Smith process 
(see p. 22). • 

^The lignite is very poor, but the results of carbonisation give a 
fuel of quite good value, though high in ash :— 



Haw 

lignito. 

1 • 

•* .. 

Carbonised 

3 mins, 
at 600® C. 


* 


llloisture, % . 

31-8 

• 

0-0 • 

4 

Ash, % •. 

5-2 

18-8 

• 



Volatile matter, % 

_,28-9 , 

P • 13.2 

Fisfed carbon, % 

34.1 

68*0 




B.Th.U. per lb. .. •.. 

4,260 ,1 

• 

11,180 ^ 


The yields given are, per 2000 lb. of lignite charged : Gas, 3130 
cub. ft. (385 B.Th.U. per cub. ft.); tar, 5-3 Imp. galls.; ammo¬ 
nium sulphate, 10-2 lb.; carbonised residue, 910lb 

J. Ind. Eng. Chem„ 1921,18, 21; J., 1921, IIU. 
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M. Thonupson^^ gave an accounfc at the Annual Gen^^ Meeting 
in MontrvlTfHhe briquettiftg of •the «arbonwed* residue. ^ 
residue, becausa of its pbros}^. was found,to require a much higto 
proportion of binder than for com. Coal tar piicj^%afl ul'toately 
selected, 13 parts by weight being use« for eveiy 100 garta of 

carbomsed residue. • , , . . ■ x ,n 

E. P. Sohoch*® gives some details of the carbonisation of lexas 
lignite. *Tbis contains 32-40% of non-combustiblcs, several per cent. 
being cexbon dioiide. On retorting at 625° C. the gas contained 
23-33% of carbon dioxide; by the removal of this down to 
somq,2% the calorific value of the gas was raised to approximately 
that of good coal gas. Neither the Texas nor Saskatchewan 
lignite yielded anything approaching the 10,000 cub. ft. of gas 
per ton, which has been mentioned by some writers. This high 
figure has been the result of high moisture acting on <Jarbon 
under different carbonising conditions. 

W. A. Bone” records the production at low temperatures of gas 
which consists largely of carbon dioxide, with some carbon mon¬ 
oxide, methane, and nitrogen. Concentration (“ upgrading ”) 
occurs, and Bone suggests the improvement of hgSMte by such 
moderate heating. », ‘ ■ 

Working in the other direction with a view tO ipereaaing the tar 
products, P. FiscL'erund H. Sehradci*'" heated a lignite, which only 
gave 7%. of tar (on ash-free fuel) at 400° C., with four times its 
weight of sodium formate and obtained <.ver 23% of tar. Using an 
autoclave, under pressure from the steam and gases formed, twice 
the weight of sodium formate gave 43% of tar, whilst eight times 
the weight gave 48%. 400° C. was found to be the best temperature. 

■ Pbat. 

The Irish Peat Enquiry Committee has issued a report, which 
relates to the winning of peat and various eeonomic factors.” 
There has, however, been an important addition published which 
deals with the carbonisatiori of Irish peat in verticM retorts.®® The 
peat -jvas in block form, 10 inches long by 2 inches square, which 
could be out airt ...awn like Ij^rd wood. The blocks were broken 
down before carbonising. Sufficient steam (about 6% by weight) 
was passed through the retqrts to quench the coke before extractiob. 
Eleven tons was carooni^ in 18 hours at 1000° C. The gas yield 
was 14,900 cub. ft. per Con, of peat, calorific value 325 B.TJflU. per 
cub. ft. (gross). The carbon dioxide content was very high, about 

>’ J.. 1921, 226t. 

• >» J. Ind. Eng. Chem., 1921,13 , 23, 

*• Roy. Soc'Proc., 1921, A99, 236; J., 1921, 499a, 

' “ fireknatoJf-Cl^m., 1921, 2, 161 ; J„ 1921, 4.')7a. 

•'( » Research Board, H.M. Stationeiy Office ; J., 1921, 229 a. 

^'Fud Jid. Tech. Paper No. 4; J>, 1921; 759a* 
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18%. At ihJ lower‘temperature of *8Q0°-9(K)° 8. ovpr»I2 tons was 
oaibonised ; the* aaS yield Vas 13,760 cub. with a calorifio value 
of B.Th.XJ. .^e chareoal came outof4he retorls in much the^ 
same form as tnai in whicl^ the peat was charged, but the volume* 
was gre^fly reduced and the weight of carbo^jised product was 
about 27% on the peat charged.* • * 

This charcoal is stated to form an ideal fuel for suction g»s pro¬ 
ducers, although the ash content was nearly 10%. It would be 
of interest to know how this would affect the working of such 
producers. 

The general results obtained per ton of peat charged in the 
tests at the two temperatures are given ii, the table below :— 



iSoo” c. 

At 

800®-900® C. 

Peat coke, owt. . . 

()'3S 

6-40 

*B.Th.U. i*rlb. (dry) 

12,560 

12,650 

Gas , cub. ft. per t^n. 

u.odb 

• 

13,760 

Tar, galls, (dry) . 

’ • 12-6 

21-3 

Refined spirit (galls.) 

- 

0^ 

Oils (galls.) .. t . 

7*8 

16-1 

Fitch (lb.) .. 

434 

63-7 

Liquor, gallpi^s 

95-5 

f 

87'5 

•• . 

A^ainontam suiph^ (lb.) . . 

29-2 

24-8 

Methyl alcohol (lb.) 

* ' • 

1-0S 

• 

144 

Acetoflfe (lb.)* . 

St — 

114 

Acetic aci4 (lb.) . 

8'35 

749* 


• 4 


A portion of the tar was steam distilled yielding th« eqipvalent 
of 5-2 galls, of light spirit (sp. gr. 0-866) per 100 galls, of tar. By 
further refining and distilling to WO” C., purified spirit equivalent i 
to 1-7 galls, per 100 galls. ^0'36 gall, per ton of peat) was obtained. 
The remainir of the stfam distillate gave a furtW 0-7 gall, ^dis¬ 
tilling to 210®) per 100 galls, of tar. 

The retorts were heateS by a portion of the peat gt®, about one- 
third of the total being required in the high-temperature distillation, 
and it wa» estimated that with a throughput of 3 tons per retort 
per day the surplus gas per ton of peat would be nearly 8000 cub. ft 
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of 325 B.TK.TJ. Removal fif thcj^ high carbon dioxide content 
would greatly improve the^gas, although for ihtemal combustion 
pngines this might not 'he Sieoeajaiy. '■ 

Powdered FdSl. 

» The many advahtagqs arising from the use of finelj phlverised 
fuel have led to fairly extensive development of the system. Instal¬ 
lations are becoming common in the United States, and the large 
electric generating station at Hammersmith is equipped for powdered 
coal,*’ the particular system adopted here being that of Holbeck. 
Briefly, the coal, after passing a magnetic separator, passes to a 
rotary dryer, where the moisture is reduced below 1%. After 
pulverising it is screened ; for general purposes 85% passes a scre.en 
of 40,000 perforations per sq. inch, and 95% through 10,000 per¬ 
forations. The pulverised and screened coal passes into ►an air 
separator, where the coarser particles drop out and the fine material 
is drawn by an exhauster fan to a main collector and finally into 
me main storage bin, where it is deposited and the air returns to 
the air separator. Prom the iqain bin the poal dust is carried by 
a screw conveyer to a fan and is sent forward thfough a inain, 
with its primary air,<. to the burners. Any surplus is oaiyied on 
through the main back to a second small hoppei;, above the main 
bin, into which'it 'ultimately falls.'' An automatic control deter¬ 
mines that the amount of dust and primary air is proportional to 
the demands of the furnace, llie velocity of the-dust in the mains 
is about one mile per minute and the mixture is said to be so rich 
in coal dust as to be non-flammable. By the return system adopted, 
when the burners are shut down, all dust in the mains etc. quickly 
gets back, to the main storage bin. With a Babeqirk and Wilcox 
marincitype boiler, 6994 sq. ft. of heating surface, 8!% efficiency* 
was obtained, the fuel being rough Yorkshire- slack containlhg 
22-15% ash. , 

H. Kreisinger and J. Bl^ard** point out that good j-esults with 
powdered fuel are more a matter of proper furnace and burner 
desigh, and th^ way in which air is supplied, than of fineness i!)f the 
dust. Good re’iu'fts are claiihed f^r a much coarser gsading than is 
usual, e.g., 88-6-93-2% passing 100-mesh (per linpar inch) and 
64-74%' passing 2Q0-mesL. Boiler capacity is said to be largSy 
dependent on the capacity of the combustion chamber, ^present 
experience showing that the best results are obtained by burning 
1-1 •£ lb. peroub. ft. per hour, although “ §ood ” results are obtained 
over the wider range 0-^ to 2 lb. ‘ ‘ ( 

,J. Andersop,“ who is chief engineer to, the Milwaukee Electric 
Railway and Lighting Co., and who has had a big experience with 

‘ “ Sngineer^ 1921,132, 90. 

Amor. Soc. Eng., 1921. 

tft RmrMWM* 3091 109 
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powaerea luei, «ea;s at Jengtll witl* the advantages ana plant. 
H*i^onsidors that there is a minimum limit to thj size of plant 
suitable for jjo-v9lere(d fuel, viz. 2500 h.p. pSr 24 hours. Tests witl^ 
five similar boilefs with powdered fuel and mechanieal stokers 
gave the'actaial gross efficieneies pf 86-67% for powder, and 
for stokers, but the net efficiencies were ffiot greatly apart, viz. 
72-32% and 70-88%. Considerable advantage, however,* arises 
when the boilers have to be “ banked ” ; with powdered fuel the 
brick-work is so hot that after dampers and air inlets are closed 
pressures can be maintained for several hours. 

One of the difficulties which has been met with in the use of 
powdered fuel has been slagging of the ash, rendering its removal 
difficult. Anderson says that such trouble is due to insufficient 
air, so that furnace temperatures are too hjgh. Properly operated, 
the ash should bo deposited, and can be remov-ed twice every 24 
hours. A large proportion of the ash is carried away in the gases 
and out of the stack, and in the Milwaukee plant there has been 
no tendency for slag to form on the tubes. , 

Adbording t* a MelEoume corr^pondent““ pulverised lignite is 
coming into use and several firms have adapjpd their boilers to it. 
Provision is being laade for the ^stallation qf a large pulverising 
plant near Melbourne to supply the fuel*to industrial undertakings. 
No mention is made about the conveyance of the fuel to t^e user, 
but the delivery of any tariff of puWerised fuel for comparatively 
short distances from the pulyerising plant through mains by com¬ 
pressed air would appear quite feasible. The system would have 
to^)e provided with return mains in order to bring back the dust 
to the contri^l^)lant when the outlying installations shut down, 
otherwise it ^ould d^osit ip the mains. 

“ Smokeless Fttel.” 

Ift a paper^n “ Low-Temperature Carbonisation and its Appli¬ 
cation to High (Jjfygen Coals,” S. W. PanjandT. E. Layng*’ put the 
case fpr loV-temperature carbonisation thus : “ If a Scotch oil 
shale, yielding 20-25 galls, of oil p^ ton and n^ by-produote of 
value (sulphate of ammonia ?) is a lyo^able proposition, why may 
wejiot look with favour upon a bituminous coal having a potential 
yield of liquid fuel of 20-30 galls, per ton* and asby-prMudf in the 
way of a»smokeles8 solid fuel of e^en greater value than the oil ? ” 
It seems fo be assamed bj these authors thrft the liquid products 
from coal ai^ of eqi^l vj,lue to those from jhale. • They pointKiut 
that the problem is to got the heat to the centre of a poor conducting 
mass -without doing violence to all ideas of temperaim-e control, 
and point to the coke oven, where, with an 18-inoh section and a 
wall temperature of 1000° C., the carbonisation sta^e at the centre 
Times Eng. Supp., Dec., 1921, 336. 

” J. Ind. Eng. f hem., 1921,18, 
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requires feast 14 hours (At of h tot^.1 of lj8 hours. Parr, and 
Layng refer to, but give (few useful p^articulars of, a suggested 
process of theirs which w' de{)endent upon(th»u “(autogenous ” 
exothermal reactions of coal decomposition, which are' most in 
fviddnce between 800° and 400°., C., and state that«th4 volatile 
matter in the pr(xiuct*is from 5 to 10%, depending on the coal 
and the ultimate temperature. 

The difficulty of heat transmission sufficient to bring about the 
necessary carbonisation of the interior mass with moderate wall 
temperature, and in a reasonable time, may be regarded as solved 
in two or three modern systems, in which the charge is stationajy. 
In the Smith plant, already operating on a fairly large scale in 
America, high wall temperatures are the practice and the coal is 
continually stirred durisg carbonisation, and passes continuously 
through the retorts, so that whilst the actual distillation takes place 
at a low temperature (465°-525° C.), the big temperature gradient 
ensures rapid heat penetration. 

‘ The Smith “ continuous syptem ” certainly marks a distinct 
advance in carbonisation, and excellent account of the plant 
have been given by Cr. H. Thurston and H. A. Curtis.** "A note¬ 
worthy point is the use of carborandum walls foi^the special heart- 
shaped section‘retbrts. "^he volatile matter is reduced to about 
10% ; (the resulting semi-coke is a soft porous material, suitable for 
water-gas plants, producers, Snd boikr firing, but is not adapted 
for transportation. It is ground and, briquetted with hard pitch, 
and then retorted at 1000° C. in retorts set at a slope of 30°. 
The volatile matter is reduced to 3% and the blocks have proofed 
ve^ suitable for ^use under stationary, locomotiye., and marine 
boilers, and are claimed to be suitablS for blast fumfce use. It is 
questionable, however, whether with so low a volatile content as 
3% such fuel would be suited to the open fireplace in this country. 

One advantage of Such g, process is that it camdeaUjwith a wide 
variety of bituminous coals ; owing to the retorts being onl^ half¬ 
full ti,nd the amtation of the cjiarge, the troubles met with in several 
designs of plsSt owing to spelling of the charge and difficulties of 
discharging do not arise. Over one hundred coals Imve been te|ted 
with SatMctory cresulte. The average results for twenty-nine 
coals containing ovei; 32% of volatile matter were: briquettes, 
66% (12,874 B.Th.R); gas, ^7 cub. ft.; (iry tar, galls.; 
ammonium sulphate, 211b.; light oil* from ^jihe gas, 1-87 galls, 
per ton dry coal. * * • 

, An extep^ve low-temperature plant of. the Tozer design is to be 
erected in South Africa,*" and will consist of 24 Tozer retorts, with 

’ >• •3; 1921, 61t. 
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n maximum cttpaoity o& 120 %ons ^er day. Aftdr condensation, 
sShibbing, etc., the retort gas (about JSOQbub. ft. per ton) will be 
mixed with«gsio' |rftm the producer plant, a portion of the mixed 
gas being taken to the f'etort settings. Alternatively the low- 
temperatulb gas may be pa8sed«to the setting*. Seven proclucess 
will gasify the low-temperature coke, there being provision for 
ammonia recovery and oil washing. The bulk of the mix8d gases 
will generate steam in water-tube boilers, and thi8 steam will drive 
two turbines, each 1250 kw. at 2000 volts. A calcium carbide 
factory with three single-phase 800 kw. furnaces will form part of 
the plant and is estimated to produce 4200 tons of carbide per 
annum. 

Considerable publicity has been given to the new Barnsley plant 
of Lrftv-Temperature Carbonisation, Ltd.®* The technical diffi¬ 
culties due to swelling of charge and the difficulty of discharging 
have been overcome by the use of collapsible perforated plates 
(of manganese cast iron) so arranged in the flat retorts that when 
changed there is a lai'or of abou^ three and a half inches of coal 
between eithir side of the plates and the retort wall. After car¬ 
bonisation the plates are brought closer togather, and at the same 
time given an \jp#ard and downward motion respectively, so re¬ 
lieving- any pressure and breaking down adhesion of the coke. 
The fuel leaves the retorts in slabs about 3-5 inches thick»and two 
or three feet across. OneW the difficulties with low-temperature 
coke has been the quenching, for water caused a good deal of damage. 
In the Barnsley plant it is cooled in an air-tight chamber below ' 
each retort and each chamber is water-jacketod. According to 
The A’ngineer^hc. cil.), the product from the entire battery of retorts 
did ndt appear to^e eqdally carbonised, ‘^some of the pieces 
appeared to contain a percentage of more or less green coal which 
wsuld certainly not be free from smoke.” 

The f ollwwiri^results were obtained ip. a To^er plant for a through¬ 
put jf 22 tons of bituminous coal of the proximate composition : 
moisture, 2-34 ; volatile matter, ,25-10; fixedjcarbon, IS-flS; 
ash, 19-0%.» The yields per t»n w8re: smokm^ fuel, 16 cwt. 
(moisture, 3-C; volatile matter, 9-85 ; fixed carbon, 63-11; ash, 
23-34%); crude oil, 16-2 galls, (contaifiing lJ-4% & taf acids); 
motor spirit (by stripping), 2-5 galls.; amn^pnium sulphate, 36-8 lb. 
The smflkeless fi^el when gasified in a Moore produeer plant gave* 
124,000 cu^. ft. q^ga^er ton, equal to 99,200 eub. ft. per ton of, 
coal retorted ; and ido lb. of ammonium‘sulphate (85 lb. per ton* 
of coal charged). The- retort gas would be abou4 6800 cub. ft. 
per ton. 

■ The i^ole fraction of a Barnsley tar distillefl up to 300° C. 
(dbout 57%) has been successfully used -with a cold start in a 

Mngimeringt 1921 , 212 , 696 ; 1921 , 232 , 464 . 



24 BEP0BT8 OF THE PBOGttE88 OF APPLIED OHEMISTBY. 

Buston-^ornb^' oil-engine, ibe consumption at most economical 
load being 049 lb. p* b.k.p. All loBj-temperature tar oils/^e 
eharacterised by a high percentage of tar acids—u|fi t» 30%. The 
oxygen content is consequently high* and defracts frctm their 
qalorMc value. It is doubtful u^iethcr it would be ecorfomically 
sound to remove the acids, but from the point of view of the use 
of such*products in Diesel-type engines the behaviour of the tar 
acids on combustion requires special investigation. 

Oil Fuel. 

Owing to the coal strike there was a remarkable increase in the 
use of fuel oil in this country, and many of those who adapted their 
plants for its use were so convinced of its advantages that serious 
consideration has been ^en to the ailvisability of continumg the 
use of oil. The economic question will naturally determine how 
far, and in what particular cases, it will pay to use oil instead of 
coal, and in this connexion it must be remembered that the total 
cVude oil output of the world only amounts' to 10% of theiooal 
output, expressed in terms of relative calorific value. Further, 
ensured supplies and'h steady price can alone determine the ex¬ 
tended use of oil^ eVeh ass.uroing the, price enables* oil to compete, 
all its advantages considered, with coal. 

Althcfhgh the coal strike commenced at the end of March, owing 
to stocks in hand and the time requirecJ'for the conversion of plants 
from coal to oil, it was not until the beghming of May that a marked 
increase in the use of oil was fobnd ; by the end of May one largo 
firm was supplying ten times the normal quantity ; June was the 
record moqth, when some fifteen or sixteen times tlfe'nomial deli¬ 
veries of fuel oil were made, and the timely assistatice gayo 
enabled many plants to carry on which would have had to close 
down. A groat increase at once arose in the use of/>il for loco¬ 
motives and in large electric power plants, and ataon^ industries 
vital to the country which carried on with the help of oil mg,y be 
menttoned iron^jd steel, oottqn mills, paper mills and glass works, 
besides the general use for inanufacturers’ power plarfts. 

Supplies ^f (jl appear to have been ample, but* the greatest 
difficulty was expeiienced in providing transport, as the oil had 
,to be dritributed from a few oentfes, mostly on the coast. • It was 
m, 08 tly conveyed by foad tank wagons «^nd by barges. Sbme was 
.sent in barrels, iiMeed pne firm filled and ^eap»*ched ip one week 
12,000 barrels. Owing largely to high freights and the general 
delay of railway tank wagons, a comparatively small portion was 
conveyed by rail, possibly some 25%. 

4 type of oil fuel atomiser, the “ Rotamisor,” which introduces 
a novel method of spraying, has been brought out. The oil *18 
fed through a central pipe to a cone with serrated .edges. On this* 
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pipe the coho rotates on ijall Bearing, being driven by cranes in 
th^*ir or steam blast pip^ in the large? atomisers ; .in the smaller 
sizes (0-5-l-i> gslls. tnd 1-5 galls. f>ei ffour^ the cone is rotated by. 
an. imptilse-type turbine tvheel, the rapid rotation forming a 
spray. It fe claimed that atonwsation is very perfect and th<j 
flame consequently not so intense as many oil flames, a “ soft ” 
best resembling that of a gas-fired furnace being obtained. 

R. E. Mathot*® has contributed results of test# with vegetable 
oils in semi-Diesel type engines, mostly two-eycle, which he says, 
work perfectly with such oils. The oil consumption per b'.h.p. 
averaged for palm oil, 0-69 lb.; cotton seed oil, 0-65 lb.; and 
for a heavy mineral oil, 0-57 lb. He concludes that where the 
oil is used on the spot, and has not been subjected to costs for 
handling and transjjort, the cost per b.h.ji. hour would be 0’8- 
1-0 pence. 

The use of vegetable oils, Mathot says, may have an important 
bearing on transport in the producing countries, where the price 
of mineral oil is usually; very high agd it is practically unobtainable^ 
except at certain centres. In particular he directs attention to 
castor oil, which he has burnt with success .#it a consumption of 
0-52 lb. per b.h.g. hour, and proceeds : “ According to certain 
colonial authorities, the plant from which the oil is abstracted 
grows as a weed in almost all tropical and semi-tropical countries. 
If cultivated for the purpo* it may become a valuable source of 
motive power in every colony.” Perhaps here he has more particu¬ 
larly Belgian colonics under consideration. 

Colloidal Fuel. 

PiisJ(lovetepraenf^has attracted considerable attentiod since 
it was first mentioned in these Reports and a long and exhaustive 
pajftr by S. J5. Sheppard’* has appeared. L. W. Bates and H. 
O’Neill also» visited this country and read two papers before the 
Institution of Petroleum Technologists. 

Sheppard states that the idea of burning a suspeiuion of carbon¬ 
aceous mattdt in mineral oil appears* to be neany as old as the 
us% of fuel oik He might have added that horizontal-retort tar 
is not a novelty as a fuel, and conta,in» anything u;^ to 20% of 
“ free carbon,” held in more permanent su^ension probably than 
the powdered coal in most “ colloidal fuel,” and that it is a “ colloidal 
fuel ” whidjjhas njJ; been regarded with favour. • With a view to 
meeting the great difficulty of supply of fuel oil, threatened by the 
German submarine warfare, Sheppard prepared ‘i composites,” 
which contained up to 30% of powdered coal incorporated with 

Engineer, 1921, 132, 138. 
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** an ancient sl)ecimen of oif from 'a laboratory oH bath—^plus one 
or two things, thrown*'jn luck,” anij the promise which 'Htese 

eough mixtures gave of stability led to the itsuMs being referred 
to L. W. Bates, Engineering Chairmail of the ^ubmarin^ Defense 
.Assofciation (U. S/y. ' ' 

Sheppard defines “ colloidally combining ” as “ stably dispersing 
pulve^ed coal in fuel oil, forming a uniform composite, the stability 
of which at ordinary temperatures should be reckoned in months, 
while amply sufficient at higher temperatures to permit atomisation 
by fuel oil burners.” 

It is a very debatable point how nearly these composites approach 
the colloidal state, or if they are merely fine suspensions in fairly 
viscous media, with consequently a slow but nevertheless certainty 
of more or less depositioR of the coarser particles in time. Stabilisers 
or fixateurs, such as lime soaps, which form emulsoid colloids with 
mineral oils, are added to prevent clotting and separation. These 
increase the viscosity of the oil, but this is not the sole condition 
conferring stability of suspen|ion, for oijs thickened by ^ther 
means, e.p., vaseline, to the same viscosity, ga^ much lower 
stabilities. 

Further, stability* may be obtained by pepVisjng; thus tar oils 
containing creoSoti and naphthalene were found to stabilise the 
“ free earbon ” suspension in some residual oils from petroleum 
distillation. Sheppard found*that ccfenposites to which peptising 
substances were added when maintained at relatively high tempera- 
ttires increased in viscosity, the number of ultramicroscopic particles 
(in xylene solution) being greatly increased and showing the 
Browniaq^movemept. •. 

Peptisation does not appear to 'produce complete j^abiljty,' 
in the oil-tar medium. “ Generally it is easy to secure 3 to 4 weeks’ 
homogeneity. After this the composite generally separates into 
an oily supernatant top layer over a more viscous masM.” It may 
be re-mixed “ and only very slowly, tends to pass to a dense 
mask.” The ^^oidal fuels pf this t 3 rpe are claimed to be more 
readily and cheaply eompodndedxthan those in which stabilisation 
is effected by an external protective colloid—the fixuteur—and^e 
perfectly satisJactory atf liquid fuels for land installations. Or, 
again, the two processes may be,.combined. 

One of the greatest claims put forward for the value ot colloidal 
fuel“ia its suitability fqr use on board ship, 0^ shore-there seems 
little ground for doubting its applicability, because stirring devices 
ofm easily be-arranged in tanks, but on the other hand, what advan¬ 
tages does it offer in land installations over pulverised coal alone, 
or. pulverised coal burnt simultaneously, but independently, ■with 
fuel oil 1 Ilntil'it can be very conclusively established that colloidal 
fuel ■will not dtyiosit heavy sqdiments of the coarser coal particlet,, 
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allowing that the . finer inateiHal rei'toains inJefinkefy si^spended, 
aM that the accidental, contaminatim with sea^water '^1 not 
cause flocculatijn, <no marine engineer w&l be likely to entertaip 
the prjtoosition of filling* his oil bunkers, particularly double- 
bottom^ w<th a fuel which may^ause endless trouble with blocked 
suction pipes. He has even had cause for’tears with some fuel oils 
not intOTtionally containing “colloidal” cacbon. » 

Most of the claims for the advantages of collcfidal fuel may be 
conceded, such as that the ordinary methods of burning with 
fuel oil may be adopted (many engineers, however, expect consider¬ 
able abrasion of the orifices of the atomisers); that per unit volume 
it may contain a greater number of heat units than oil alone ; that 
it is free from risks of spontaneous combustion (but for all practical 
purpoRes so are coal and oil in bunkers); ithat a fire can be readily 
extinguished by water because the composite is heavier than water. 
The crux is stability. Sheppard expresses the belief that colloidal 
fuels can be made just as stable as needed, and that laboratory 
prepared samples havrfi lasted 12-1,8 months, but he mentions in tke 
succeeding paragraph of his excellent paper that “ re-agitation, 
before sedimentation has proceeded too far, will give a further 
extension of life.” • • ■ 

• * » » 

Petrol Engines. 

9 

A most important serieiJof artiSles on the influence of various 
fuels on the performance of internal-combustion engines has been 
pjiblished by H. R. Ricardo,*' and a comprehensive study of the 
various fuels, and th'e phenomena attending the combustion of 
those used Ricardo, has been made by H. T. Tizard^and D. R. 

’ Pye.***,,Th6invest^ations Vere generously financed bj^ one of the 
large petroleum companies, who desired the work to yield results 
of* real scientific interest, and not to be restricted to limits which 
would be «f dftect commercial value to themselves alone, and who 
genejously gave permission for the publication of the results. 

Two most important factors are^ liability to d^onation aid to 
pre-ignition") they are not the EB.me fhing—the fJinner is the result 
of combustioa, whilst pre-ignition is a cause of combustion. Carbon 
bisulphide has a very low ignition temperatuje (275^0., by adia¬ 
batic compression). Ricardo found that jt could not be used in 
either of his exparimental engines because of pre^ignition, but thil 
was not aqpompapjed by detonation—indeed, it actually raised the 
detonating point of the aromatic-free petrol used in the experiments^ 
which had an adiabatio»oompression ignition temperature of 363° C. 

Ricardo has proved that the tendency of a fuel to detonate is 
so important that all other considerations are secondary, since, the 

** AtUo Eng., Feb.-4«g-» 1921. 

** Loc. cU. 
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compres^on ratio which can'safely^be eeiployed it. limited by the 
tendency to detonation, and the power output and efficiencyFiwe 
in turn dependent on compressioii ratio. i. ^ « 

Whilst pressure is the paramount factoi in determining detonation, 
<j,thor factors play'an important, part, namely the dejigh of the 
combustion chamber, and turbulence (speed largely determines 
the degree). The rate of burning of the mixture is also important— 
a weak mixture and a richer mixture both slowing down the rate, 
but with the former there is too little range, whilst stronger mix¬ 
tures, which give the necessary flexibility, enhance consumption 
of fuel. Continued detonation, which is evidenced by the blow 
on the walls of the cylinder producing audible “ pinking,” may 
induce pre-ignition because of the heating up of the plugs, or any 
projections in the cylinder. ■ 

But to the chemist the influence of composition is of paramount 
interest. Ethyl alcohol, acetone, toluene, and xylene could not be 
induced to detonate in the engines, and the addition of, for example, 
toluene would raise the detonation jmint pro, rata with the weight 
added. Benzene proved markedly inferior to toluene in chec^cing 
detonation, whilst xy\ene occupied a position intermediate between 
the two. Etliyl alcohol proved b}:, far the most elective. 

It was found ihat some fuels, notably benzene, gave pre-ignition 
when thp compression W'as raised to a 7 :1 ratio, without preliminary 
detonation, but the addition''of a i,nall ])ortion of paraffins, 
naphthenes, methyl alcohol, and methylated spirits would induce 
detonation at high compression ratios. 

The members of the same series of hydrocarbons may hafe 
widely varying effects on detonation. Thus it was,,fpund that a 
nearly puhfc heptan'e gave detonation' with the low ^compression ■ 
ratio of 3’75 : 1, whilst an aromatic-free petrol, of which Tfeptahe 
forms part of the lighter constituents, had a much higher raiio 
.(4-86: 1) and even in'Small quantities increased t'ke''(^ndency of 
hexane to detonate. It is concluded that the heavier members 
of thg paraffin series detonate more readily than the lighter 'ones. 

An interesting *point is wkAhei; any connexion exists between 
detonation point and the spontaneous ignition temperature of the 
fuel. Broadly, the Jesuits, showed that the latter might be taken as 
a very approximate indication of the tendency to detonate, but 
'the relationship was unreliable. It does not appear from Ricardo’s 
result? that the vapour in the cylinder hakan ignition point directly 
'related to that of the li(|)iid, as determined t)y tSe usual method of 
dropping the liquid into a heated vessel. Thus Ricardo found the 
sel^-ignition temperature of benzene by adiabatic compression 
withf air to be •419° C., whilst Moore” gave 566° in oxygen by 
the' -drop method; for toluene the figures were re4iective{y 

« J., 1917,169. 
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422° and 61#° C. Ethyl aloohtd, again, gives fractjoally the same 
“ Moore ” figure, 518°, as''toluene, but a value nearly one ’hundred 
deglees higher /8l4°) by adiabatio coiaprresion than toluene. 

Generally, the practical,outcome of Eioardo’s work, as far as 
composition of the fuel is concerned, is that if a sufficient proportion 
of aromatic • hydrocarbons, paAicularly toluol, is present thd 
majority of engines can be run at maximum efficiency,on an 
economical mixture. But some engines arc so badly designed 
from the point of view of detonation that they can only be run 
at the ordinary efficient compressions with an over-rich mixture, 
and this probably accounts in some part for the excessive petrol 
consumptions in the U. S. Bureau of Mines’ tests referred to later 
(p. 30). . 

Appreciation of the importance of aromatic hydrocarbons is 
leading" to vendors paying special attention to the composition of 
their motor spirit, and in this connexion the valuable method of 
estimating the aromatic content of petrol described by H. T. 
Tizard and A. G. Marshall®* may be referred to. ^ 

Ease of starfing with a petrol typ« engine depends upon a number 
of factors in the general design of the engine, particularly in that 
of the carburretter, but the vapour pressure of the fuel has an 
important and well-recogniscd ' influenep. 

With a cold engine the latent heat of vaporisation of a fuel 
becomes important, in copjunctio^j with the fuel-air rdtio by 
weight. For the usual fuels, petrol and benzol, these are practically 
the same, but with some other fuels, notably alcohols, they are 
vfsy different. Thus the latent heat of vaporisation of alcohol is 
2-5 times that of petrol, and about 1'6 times the weight of alcohol 
is required to'give an inflammable mixture for a givem cylinder 
voljimft .1 It iollows#that about 4 times the amount of heat is 
required to furnish a combustible mixture with alcohol than with 
petfol. For the practical use of alcohol the a4dition of a proportion 
of ether, witii its nigh vapour pressure, is required to render starting 
easy. .This type of fuel mixture is used fairly widely in South 
Africa under the name of Natalite. « “ 

The following conclusions respecting starting are set forth:— 
{A),On no petrol will an engine start from cold with, ai),economical 
mixture strength, (b) On commercial petrol of«reafionable quality 
a cold start can always be made pipvided sufficient fuel is admitted. 

Much of Ricardois work this connexion is df primary importance 
in the desigf of casburr^tters, but his result^ also ^oint to another 
cause of the'very inefficient results recorded by the U. 8. Bureau 
of Mines’ tests (p. 30), Where the carburetters were^undoubtedly 
adjusted to ensure an easy start and flexibility, but allowing an 
unduly ri(4i mixture to enter the cvhnders in ordinary running. . 

“ J.. 1921, 20t. 
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A comprehonsive paper giving a j^omparison of an rfoohol-petrol 
aviation'fuel with aviation petrol has been issued by the U. S. 
National Advisory Conjmil^^ee (or Aeronautics,®* The work ^s 
harried out by V. R. Gage, S. W. Sparrow, 'apd*D.' R. Harper. 
Aviation “ aloogas ” is stated to be “ probably ” a blend, of 40% 
alcohol, 35% petrol, 17% benzal, 8% toluol, ethe/, etc. The 
characteristic of fuel mixtures of this type is their ability to work 
to high compressions without “ knock.” Two series of tests were 
made, one with a compression ratio of 5-6 :1 (usual for petrol in 
the engines) and another at 7-2 :1 ratio, which could not be used 
for petrol. At the low compression the mixture gave the same 
power as petrol at ground level, but at the equivalent altitude of 
6400 feet about 6% more power ; at the higher compression there 
was an average and fairly uniform increase of 4% at altitude. A 
fuel consumption per B.E.P. of from 10 to 16% more by weight was 
required as compared with petrol to secure this maximum power, 
but since the mixture was denser than petrol the fuel consumption 
by volume per h.p. was practically the same. The thermal efficiency 
df the mixture was about 15% higher than with petrol. Sincqunit 
weight of the mixture is about 22% lower in calorfec value than 
petrol it is evident that the available energy is more fully utilised 
than in the case of fetroL, A motor fuel by the same makers as 
“alcogas” has "the following composition;—^Alcohol, 40-60%; 
benzol,' 26-35% ; petrol, 30-50%.** 

An important paper by A*. C. pfeldner, A. A. Straub, and 
G. W. Jones deals with gasoline losses due to incomplete combustion 
in motor vehicles." The tests were really undertaken by the U.,S. 
Bureau of Mines to investigate questions relatii^ to the ventilation 
of the prcposed turnel under the Hu^on, being thuk qieqifically 
concerned with the composition of the exhaust gas6s, hjit they' 
throw a great light upon the waste of petrol by the average vehicle. 
Over one hundred lonjes and passenger cars were examined, under 
winter and summer conditions, on the level and*up^ and down 
gradients. The average percentage of carbon monoxide in the 
exhahst gases hq^er all condit’ons of tests was :—^for S-seater cars, 
6'3%; for 7-seater oars, 6'fe%;' for light lorries, #9%. These 
figures Me cJ_oseJy approximate to the mixture composition requifisd 
for maximum power, but" are very wasteful from the standpoint of 
^petrol consumption. An interesting test was one in which the 
mechanic set the CMbdretter according to,experience at the “ best ” 
setting. The exhaust gases contained i()-2%4i3f CMbon dioxide 
and 6-4% of carbon monoxide. A further setting td give a less 
ridh mixture gave 12% of CMbon dioxide, 2% of carbon monoxide, 

^ ept : No . 8». 
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and a 31% ^creaae in milea^re! The theonitical air required 
per lb. of petrol for oompltte combustion is approximate!}' 16 lb.; 
foriiiaximum thermal efficiency about l»i lb.; for maximum power 
about 12-13 M). - Ijt sras concluded from the tests that 60-76% of 
the daily waste of petrol could be prevented by proper adjustment 
of existing carburetters. Higher •percentages of carbon monoxide 
were found in the summer tests, the mixture being naturally richer 
than under winter conditions, which suggests the desirability of 
alteration in the setting of the carburetter to suit seasonal tempera¬ 
tures. 

Some interesting particulars of tests of a marine Still oil engine** 
have been published.*’ It will be remembered that in this engine 
power is obtained from oil (on the Diesel principle) and steam 
generated by the otherwise waste heat in the exhaust gases from 
the oil ‘cylinder and the cooling water jacketing this cylinder. 
Once the engine is hot no steam boiler is required, but for starting 
up one is employed. The particular engine referred to worked 
on the two-cycle principle, the cylinder diameter was 22 inches, 
the stfoke 36 inches, aiffl the following results were obtained :— 
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All auxiliaries except scavenger blower were separately driven. 


The reportnof a deputation representing the French Glovemment 
and cojpmeroial interests was that with a good Diesel 4-cycle 
engine the oil consumption would hav^ been at least 10% highbr, 
and with a 2-cycle engine 20%' h^her. 

Fuel Economy. 

Probably the most important development in connexion with 
fuel problems during 1921 has been the very wide discussion which 
has taken place befero vgjious institutions on the better cmpldy- 
ment of fud. Doubtless the high price of all fuels has done more 
towards twivanemg the economical utilisation than all' the exhor¬ 
tations of specialists during the past few years. 

9 Ann. HepU., 1919, 4,19. 
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The summei; meeting of t^e'Institution of Mechanical Engineers 
took thJj form of an i^ormal conferenofe on “ Means of Improving 
the Thermal Sffioiencjf. ofcHea^. Power Plants.”** In all, sififeen 
'papers were presented and a comprehepsive rJ,nge*of'problems was 
discussed. The Institution of Civil Engineers held severpl confer- 
•ences, amongst them an Enginedting Conference, where discussions 
on thj utilisation of waste heat and of exhaust steam took place. 
Further, a Fuel Economy Review was promoted by the Federation 
of British Industries. In the United States a valuable series of 
papers were presented before the Industrial and Engineering 
Chemistry Section of the American Chemical Society.** The various 
papers covered a wide range, including low temperature carbonisa¬ 
tion, lignite carbonisation, by-product coking, sulphur distribution 
in coal, the sulphur content of coke; colloidal fuels, gasoline 
losses due to incomplctdcombustion, and general fuel conselvation. 
Several of the pajiers have already been noted. 

In a paper, “ Fuel Conservation, Present and Future,”** 
^H. C. Porter points out that many expedients for increasing efficiency 
involve large changes in existiftg plant and"equipn|pnt, which take 
time and incur largo capital expenditure, which financial conditions 
would make it diffiiult to provide under present economical con¬ 
ditions. It would appear sound'policy to concentrate in the first 
place on raising the efficiency of existing plant and a better utilisa¬ 
tion ol waste heat. The low, efficiency of the average steam plant 
has been amply demonstrated recently, largely through the publica¬ 
tion of tests by D. Brownlie. Control of combustion is the present 
moat practicable method of dealing with this inefficiency, andtthe 
improvement of ill-designed plant would naturally follow, when a 
standard,of efficiency to which any plant mighl! Veasopably be 
expected to work had been establmed. The adv&ntagoR tot be 
gained by super-heat and feed-water heating are appreciated 
widely, but general Industrial plants are not consjtoicted on these 
lines. 

The utilisation of waste heat from furnaces b another direction 
where great *h*onomy is psssible. Flue gas temperatures from 
most industrial furnaces are vely high and the waste heat boiler 
may effectigroat savings. It has been pointed ouf ebewhere that 
the hot gases froth many industrbl furnaces frequently carry off 
over 70% of the available heat nnits of the fuel, when regenerators 
are not fitted, and tlie following heat .balance'sheet for an open- 
hearth steel furnace has been quoted Beat «sedinkimaoe,27% ; 
radiation losses of furnace and regenerators, 29% ; radiation from 
producers, K>% ; losses in producer ashes, 3% ; heat lost in flue 

"-Proo. JiwS. Mech, Eng>y 1921, No. 6. 

“ J. Ind. Eng. Ghem., 1921,18, 14—58. 

« J. Ms Eng. Ghem., 1921, 18, 47. 
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gases, 31%. *Wifh a waste-heat boll^, 80% dfficiejioy, and coal 
of ^^,000 U.Th.U., the wasfe-heatboilerwoul^ utilise3200 iT.Th.U., 
the equivalent 0 ^ 2-8 Jb. of steam at« 120 A. pressure, ifith cold feed. 
A 35-ton iurnao^ Ajith 3000 Jb. of coal gasified per hour would thus 
give 8400tlb.^of steam per hour. ^ 

Porter considers that among the majoB improvements where 
the greatest economy is possible would be electrification of railways. 
Not only do locomotives burn coal very inefficiently when running, 
but standing with steam up, often at umieoessarily high pressure, 
entails waste. When the haulage and distribution expenses 
attached to coal are considered, and the freeing of trucks for other 
and remunerative merchandise, and further, the relief of the lines 
from coal haulage for this particular purpose, the advantages of 
electric drive froih central stations arc obvious. In the United 
States iJ has been estimated that a saving of 122,500,000 tons of 
coal per aimum—two-thirds of the present railway consumption— 
would be effected. On the Chicago, Milwaukee, and St. Paul 
Railway, R. Beeuwkos states*’ that for train locomotive power a 
saving of 53% ^ver loc(«notive fuel used has been attained. 

The financial considerations involved in a general conversion 
of railways to clectyc traction are great ancf under present con¬ 
ditions probably preclude any gjeat extensions, Igit jlready sections 
of the ohler railways are electrically operated, and proposab for 
extension are under consideration. , * 

Centralised power development fcust also be largely affected 
by finance; the advantages arc admittedly great from the fuel 
economy point, approximately 2 lb. of coal being consumed per 
kw.-hour at the switchboard, but the whole question has been so 
j.bly and exhaustively dealt,with in the Report of thaifitrogen 
Products'Committee’^ that further reference is unnecessary. 

G. E. Stewart*” discusses the utilisation of waste heat in gas 
works. He eetimates that of the 300 therms in a ton of coal 
carbonised, about 22 % is not accounted for in the products, being 
either ^sed hi the process or wasted. The greatest loss is in the 
flue gases frem the retort setting recjiperators, temperature 
of which may be 1000°-1250° F. Combustion may here be regarded 
as *omplete, bfit with an initial temperature of 1206° £., a waste- 
heat boiler working at 1001b. pressure and wfth 70% efficiency 
would geteate 1-56 lb. of steam»per lb. of»fuel. Even a better 
boiler efficiency ml^ht, however, be attained with^the most recent 
forms using « fan sifttioi?* • 

Stewart gives examples of economies already effected. On 
inclined retort settings at Brentford nearly 970 lb.* of steam is 

•*’ See Porter, loc. cit. 

••* Cm£ 482, 1920 ; J., 1920, 25k. 

** Inst. CSvil Eng. Coni.: see En^ineerinff, 1921, 112, 77. 
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being raised pe? ton of coal cr,rbonited ; with Glover-West settings 
at Macclesfield, 700 Ib^; on Woodhall-Duckham settings at Bir- 
iningham, 600 lb. Of 6oufife the efficiency stjanj production 
(waste-heat boiler efficiency being the* same) ic* inversely to the 
efficiency of regeneration. 

With water-gas plants on fuel charged to the therm value of 
100, Stewart estimates 10’3 therms lost in the sensible heat of the 
blast gases, 0-1 therms in the sensible heat of the water-gas. As 
the plants require steam the obvious advantages of utilising the 
waste heat in suitable boilers are evident. In producing blue water- 
gas all the issuing gases can be passed through boilers, but with 
carburetted water gas the tarry vapours in the “ make ” gas are 
unsuitable because of tar deposition. The use of waste-heat boilers 
with water-gas plants is becoming standard practice in the United 
States and this country. 

At the same conference E. R. Dolby®* dealt with exhaust steam 
and its employment for power and heating. In non-condensing 
engines 90% of the heat in the steam entering is discharged in the 
exhaust; in condensing engines or turbines '60% oh the totallieat 
of the fuel burned passes to waste with the cooling water from 
condensers. In Ber’in all the hot water for e-ime public baths is 
obtained from a pablic elfectric generating station three-quarters 
of a mile away, and public buildings on the route are also heated 
by water from the mains. Several mstances were mentioned in 
the discussion of the saving of fuel by the utilisation of exhaust 
steam. One Metropolitan institution replaced hot-water boilers 
and reduced a coal consumption of 4000 tons to 3200 tons. * 

D. Wilson®® in dealing with boiler-house managemort emphasised 
that ineliibiency was mainly due to kick of scientific supervision,' 
and that frequently common sense and a little engineering know¬ 
ledge would effect improvement. In the discussion many instances* 
were given of astonishing improvement when trained"" combustion 
engineers ” were employed. In one case eight Lancashire boilers 
whifh had been required for years were put under skilled manage¬ 
ment, and in tttfee months df was possible to shut down three and 
yet give the works more steam ttan it had ever had before. The 
view was ^inei-al that for all large steam plants the appointment 
of a specialist at a good salary would pay firms, but ong speaker 
pertinently enquired where combUstion engineers could be^ obtained. 
In some Engineering Colleges and Universities special instruction 
in the principles of coihbustion is given, hut a’real difficulty is for 
the students to obtain actual boiler control experience. Perhaps 
something could be done if College boiler plants (where installed) 
or heating plants could be put in the charge of the post-graduate 

Seo Bngineering, 1921,118, 74. 

“ Ptoc. Imt Mech. Eng.t 1921, No. 8 . 
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pupils, but means must ,be f#und to provide induAry -with the 
sqjentifically-trained and practically ejtperienoed njan when he is 
called for. , * - ^ 

A useful grapuical method by which it is. possible to calculate 
the heat leases, excess air, and dame temperature from the data 
obtained from the analysis of flue gases,* has been published by 
G. B. Howarth,'^ and J’. Schulte®’ has also devised a giaphioal 
method using triangular co-ordinates, but the method is not as 
simple as Howarth’s. 


Mi-scellanboos. 

W. Schwier®* dealt in a series of pajiers with the important 
question of fuels for metallurgical furnaces, pointing out that 
calorific value alone is not a satisfactory basis of value, because 
flame temperature is one of the most important factors and calorific 
value is no criterion of this. Sohwier reommends a valuation 
figure which is the product of the net calorific value and the theoreti¬ 
cal flame temperature, multipyed by 10"®. Calculated flante 
temperatures%nay be open to criticism, but with the same data the 
results are doubtless fairly relative, and so Sohwier’s formula would 
hold. Other impcMant points, which he considers are the effect 
of moisture, which lowers flalne temperature scoasiderably, but is 
not usually accounted for in gaseous fuel analyses, and the influence 
of other gases accompanyii^ a particular gas or gages in a gaseous 
fuel. Thus he considers that the utility of carbon monoxide is 
different in water-gas and in producer-gas. 

*An interesting paper on power gas from sewage was presented 
by J. D. Wat^n before Section G, British Association, in September 
• last.®®* The»gas is &e result of fermentation and anal^ses*show a 
nfethane content orfrom 20 to 79%. A description was given of 
a ^mall sludge pumping plant at Birmingham, designed to give 26 
b.h.p. for %'Srorking period of six hours daily. The gas is generated 
in suitable closed tanks and, in the trials, oontainod 43% of methane. 
It u^s observed that after a certain stage of putrefactive decay 
was reached the sludge gave ,oS ’no further Mtid odour. An 
ordinary typf of gas-engine was employed; at 250 r.p.m. on town 
^s it developed 34 b.h.p. With the sludge,ga^ tMb engine ran 
satisfactorily with 60-70 explosions per minute developing 17-18 
b.h.p., from which it was conclflded that fhe heat supplied in thef 
fermentation gases was P8 therms per hour. The author saj« that 
Birminghftu deals wiflh 400,000 tons of Vet sludge per annum,’ 
London with not less than 2,000,000 tons. On the ^asis that there 

J., 1020, 329t. 

‘® OliickauJ, 1920, 66, 532, 536 ; J., 1920, 812a. 

‘® StaU M. Emn, 1920, 40, 1033, 1108, 1170, 1236 ; J., 1920, 713a. 

“ See Engineering, 1021, 112, 466.; J,, 1921, 748a. 
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are 9000 ton& <)f dr^' solid i)\ t'ho IJirmingham slu/ige'; this would 
generate ^20 million cul). ft. gas, which at*20 cub. ft. per b.h.p.hojjr, 
would be equal to 16 millioh b.b.p. hours, or 4400 h.p. per da^ of 
fOhrs. . / ‘ . 

Reference has J>een made in a previous Report'’'’i to the 
I). J. Smith gas producsrs and their use for mechanically-propelled 
vehicle*. This has been extended to their use for small boats 
etc,, with very successful results. In teste made imder Admiralty 
supervision in a 35-foot boat fitted with a 70 h.p. 6-cylinder Brooke 
petrol engine, the producer had a 11-inch diameter grate and the 
weight of the complete plant was 3-5 cwt. The fuel supply and the 
removal of ash were controlled by feed and cam shafts driven by 
the engine but at greatly reduced speeds, so that operation was 
automatic. The special feature of the plant which renders it 
suitable for use in boats' is the small amount of cleansing which 
the gas requires, owing to the continuous fuel feed and the working 
down of the raw fuel at once into the incandescent fuel bed by the 
rpeking grate bars, ft was realised that the engine could not give 
the same power on producer-gas as on petrol, so cons^imption teials 
were carried out on petrol at various speeds, and then at approxi¬ 
mately the same spcecls on producer-gas. Sotqe results at practi¬ 
cally the same speeij are summarised, below :— 


1 

Fuel. 

Avfirago 
revs, per 
mill. 

tiauticjil 1 
miles 
run. 

9 Kl>f«l, 
knots. 

Fuel used 
per knot, 
lb. 

Cost per 
knot, 
pence. 

Petrol. . .J 

650-.’) 

14-7 

7-6.1 

3.^6' 

20-75 

•) 

Welsh anthracite 


1 

3H-4 

7*50 

3-8i) 

•• 

• «1-1(V 

Irish „ 

(i47-S 

25-1 

7*40 

4-78 

1-38 

Dumfries peat 

667*4 

23-7 

7*43 

* * 

7*30‘ 

0-62 


The report sa^ that thesef trials demonstrated an ectraordinary 
economy for the plant, and that it can be run conj^inuously and 
reliably at steady revolutions. * 

The two papers by N. E. Rambush®’ on thermal losses in the 
gas-producer process and on a laboratory distillation test for fuel 
to b3«usod in gastproducers will repay detailed study. 

Work has been continued on the propSlgatibn of Same'* by 
W. ,R. Chapiqan,®” who has investigated .ethylene and propylene 

Ann. Repls., 1920, 6, 32. 

« J., 1921, 13i)T,293T. 

” Seo Ann. Repte.f 1920, 5* 36. 

*• Chem. Soo. Wrana., 1921.118. 1677: J.. 1921 8 . 16 a. 
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mixtures with .air. The lowar coigbustible’limits ^for ethylene 

34% (horizQntal tube), 3-6% (ver^ical,tube, djwnw^ds), and 
3-3% (vertical4;ub«, upwards), wtiis1^the*upper limits are respec¬ 
tively 14-1, ^3-?, and 25-6%. With propylene the lower and upper 
limits in ^ horizontal tube are 2-6 and 74%. The maximum 
speed of propagation in a 2-5-cm. diameter tube was 142 cni. 
per second for ethylene. The maximum speed was not attained 
with a mixture containing the theoretical percentage of ethylene 
(6-5%), but with richer mixtures containing 7-7'25%. J. D. Morgan 
and E. V. Wheeler"* have made further studies of the phenomena 
of the ignition of gaseous mixtures by induction coil sparks. 

“ Chem. Soe.. Trans., 1921,119, 239; J., 1921; 335a. 
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(rAS—DESl’KUOTl VE DISl'l LI . ATION— 
'I'AK T’RODlKrrs. 

By Geoffrey Weyman, T).Sc., P.I.C., 

Chief Chemist, The NewcasUe-upmt-Tyne and Gateshead 
Gas Comjmny. 

I * 

It is difficult to review the progress made in the year under 
review with any feelings of satisfaction. The financial position 
of the carbonising industries, maintained in such a flourishing 
oondition in the previous year hy the phenomenal prices obtained 
for coke and by-products, suffered almost compls^e collapie in 
the first few months,of the year. Large stocks of coke wefe still 
in hand owing to disturbed labour, conditions, and heavy deprecia¬ 
tion had to be f«.ced. Polifcy, often >snough, became one of cutting 
down ^penditure regardless even of eeonomy. A lengthy coal 
strike before the situation was stabiliaed gave rise to a situation 
in which development became relegated to the background. Fortu¬ 
nately a relative improvement in prices for coke enabled the gas 
industry to recover much of the loss entailed in gas supply durJog 
the strike. , The year thus presents a series of rapidly alternating 
conditioh^'in whiclf the various methads of gas prodi|ction*ahowed. 
very vaiying costs. 

, Town Gas. 

The Gas Kegulation Act, as judged by its lirst year s’appearance, 
canijpt be said to have impressed the consumer. Coming into 
operation at a Vine when it,i*as necessary in most cafes to impose 
heavy increases in the price of gas', it has been subject^ to criticism 
which might largely have been avoided if the increases had been 
made and explained separately. The experience of having to 
make a calculation only to finithat the account is hi^er than 
ever, before can hardly be expected to convince the average man 
that the Act has bee»to his advantage.# Yet advantages to the 
consumer must certainly follow the working of the Act, provided 
that continudus records of the pressure and calorific value of the 
gas'supplied arp made. Such will necessitate constant quality and 
pressure so that gas-consuming apparatus can be deigned ^d 
regulated to tnaintain the maximum efficiency. 



OAS—DESIItTJCTIVE DMIILIi|tON —TAB P&DUOTS. 39 

A large numjier of undertaking’s .have ali%ady, been granxed 
orders under the Act, and’the remainder must come undei^the Act 
witHn eighteen, mc^iths from the.en(!k*of "tlie year* Most of the 
“ declared ”*valujs have janged between 450 B.Th.U. and 50Cf 
B.Th.U.vpe^ cub. ft. The standard prices, which vary in each 
case, were fixed by the Board of Trade on the pre-war cost of manu-* 
facture plus increases shown to have occurred since, and foym the 
basis on which dividends are authorised. As the price charged per 
therm varies from the standard, so the maximum rate of dividend 
may increase or must be decreased. 

A reduction of the quality of gas supply below 450 B.Th.U. 
has been advocated, notably by G. Helps, who proposes 
300 B.Th.U. gas as giving the cheapest form of therm. 
While .this may be so, the limit is placed at the present 
time by the question of distribution. In many cases, even 
in pre-war times when the gas supplied ranged between 
550 and 600 B.Th.U. gross, many gas concerns were unable 
to increase the size of their mains sufficiently rapidly to keep pacj 
with* increasing consiftnption. TdSday it may bo taken that the 
greatest number of complaints received are due to an insufficient 
supply of gas.* It jpill be realised that the increased supply neces¬ 
sary to make up for a reduct.ion in quality tgcojaes a peculiarly 
serious matter. T. Goulden ‘ gives an example. Gas is pumped 
from Beokton through twe^ trunk plains 4 ft. in diameter. The 
maximum initial pressure is 54 inches w.g. If the calorific value 
of 485 B.Th.U. were replaced by a calorific value of 350 B.Th.U., . 
3^% more gas would have to be pumped, with consequent increase 
of nearly three-fold in the pressure. Alternatively a third trunk 
.main w)uld*have to be laid. The extra cost fc estimaied at over 
Id, pc*' therm, whi<A might be greater than the difference in the 
cost price per therm of the two gasos. As a rule depreciation in 
calorific value is accompanied by an increasa in the specific gravity 
of the gas. * This requires compensation by an increase in pressure 
in difect proportion. High-pressure distribution may no doubt 
help matters in this respect, but awen this hastes limitatfons.“ 

J. W. Wood considers that fc reduction of 500 B.Th.U. to 
400 B.Th.U. xfould necessitate an increase in pres^ur^ in the pro¬ 
portion of 16 to 25, and even so there wolild bd trouble with back¬ 
firing dile to excessive aeration with the apparatus at present in use.*. 

In the deliver/ of gas, of uniform quality many difficultiM are 
experiences. To tvoii stoppage of gas supply m case of break- • 
down gas plant is constructed in many units, and is almost always 

‘ J. W. M’Lusky, Oas J., 1921,165, 658. 

‘ Gas J., 1921,154, 536. 

“ B. A. Parkinson, Gas J., 1921, 158, 156. 

Oas J., 1921, 168, 96. 
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8 upplementtjd,by ifrater-gas plant or other special, apparatus which 
is intended to meet ^uddjn variations in consupiption. For ^his 
^ reason large concerns •are 'iaced with the problem of adequately 
mixing large volumes of gases of varying nature, p In very few oases, 
if at all, does the vfliole of the gas pass through one singlf dittributing 
'centre, and even in such a case no means have been taken for 
securing such mixing of different streams from different manu¬ 
facturing plant. Where onl 3 ' one works is concerned, mixing 
may be accomplished largely in the holders, and an arrangement 
has heen brought to aid in this. ® It will be realised that gas con¬ 
cerns must often maintain a considerable margin over the declared 
value, which in effect becomes a minimum value and not an average. 

The Committee set up in accordance with the Act to inquire 
as to whether it was desirable or necessary to impose any liipitation 
on the amount of carbon monoxide supjilied in town gas reported 
in the negative,® In their report the Committee traverse the 
changes that have taken place since the Water Gas Committee of 
J898 reported on a similar matter and proposed a limit of 12% 
which, however, was not enfofeed. Since'^that tiwie the fittings 
in use have very mych improved in construction, and the present 
Committee were evidently much impressed by the considerable 
hygienic advanjagp whiclf would follow the more general use of 
gas to the elimination of the domestic coal fire, as exemplified by 
the state of the atmosphere during tjio coal strike. Statistics of 
carbon monoxide poisoning were not entirely straightforward, 
and while the Committee was able to draw the conclusion that the 
water-gas supplied in town gas has influenced the death rate frfem 
“ coal gas poisoning,” the total death rate from ttis cause is so 
small ^31 per million per annum, 1915—1919, England and Wales), 
that no serious effects are to be anticipated. The risk to general 
health from small escapes is considered to be negligible. The fact 
that during the coal strike the amounts of water gas,* blue gas, and 
other gases containing very large amounts of carbon monoxide 
were distributed and used without any noticeable ill-effects, doubt¬ 
less Helped thc^Committee in coming to their conclusiop. 

Tlie Committee, dealing with tl5e subject of inerts, reported that 
it was not »ec»ssa^ or qdvisable to prescribe limits to the inedm- 
bustibles in town gas at the present time owing to the fact that the 
gas industry is in a tf&nsitional {<eriod and should be left* entirely 
free ,to evolve jhe most economical method 'of manufacturing 
gas.’ It is suggested "that a fresh inqui»y sKould bff held after 

' ® C. C. Carpenter, E.P. 158,758 ; Ga« J., 19il, 158, 812; J., 1921, 208a. 

,® “ Report of Board of Trade Committee on Carbon Monoxide,” 1921 ; 
Gas J., 1921,155,'429 j J ., 1921, 332r. , 

’ “ Report of Board of Trade Committee on Cas Incombustibles,” 192l; 
Oas J .. 1921. 1IUS.;484 ! .7.. 1981. 9.53i) 
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• ^ 
three years havQ elapsed. Keftrence^s made to th# neport of the 
FUfl Eesearoh Board in IoIq, in which a limit of 12%^was pl'oposed. 
This'limit was kt6r»modified by as agteenmnt reached at a confer¬ 
ence of representatives of the consumers, producers, and the Board* 
of TradSi to^a limit of 20% for two years, 18% for the next two 
years, and 15% thereafter. Subsequently,' owing to fresh experi-"’ 
mental work it was thought advisable to have the inquiry,, which 
has now delivered its verdict. From the evidf^ioe it appeared 
clear that for low-temperature work and for gas engines the effect 
of inoombustibles in general in gas is negligible. As regards high 
temperature work the Committee did not consider that the evidence 
was sufficiently conclusive to warrant interference, especially as 
very often the effect of additional inerts was counterbalanced by 
an altejation in the composition of the other gaseous constituents. 

Recording Inslruments. 

It is unfortunate that neither the Fuel Research Board nor the 
Gas Research Committee of the In.stitution of Gas Engineers has 
so feft been abie to recommend a recording calorimeter for official 
purposes. The trouble Seems to be that no type of instrument can 
be relied upon to work accurately and automatically without any 
attention for more than a few days.' Whether any recording 
instrument will ever do this seems doubtful. 

The Simmance-Abady toteil heat recording calorimeter has been 
the object of study by both the Fuel Research Board* and the 
Research Sub-Committee of the Institution of Gas Engineers. * 
'PHbse investigations showed that the gravity governor automatically 
compensates.it; a satisfactory manner for change* in the specific 
gravity ‘of tlje gas and for nhanges in atmos^eric prfcSsitre and 
tefflpeAture when fte specific gravity of the gas is within wide 
lirajts. A variation in the gas rate was found to be due to the 
choking of the b,timer. Dirty water gave a-great deal of trouble 
owing to deposition of slime. No trouble was experienced with air 
locks,"but changes in the viscosity of water with change of +,em- 
perature pro(luced a change in the #8ter rate ofAsRout 0 7% per 
1° C. change in temperature of 'the inlet water. In addition to 
.spasmodic errors due to fouling of the Jtumer and water pipes, 
variations of 10 units occurred which were traced to the effect 
of variations in the room temperaiture and irflyt water temperature. 
Difficulty of varia'ble humidity of the atmospherp was overepme. 
Radiation Misses ailid gains amounted to 1»5 B.TTi.U. per cub. ft. 
for each 1° F. difference between the mean temperature of the 
calorimeter body and its surroundings. The lag of the chart is 

10-.16 minutes. The record is finally considered reliable to about 
« 

Technical Taper No. 2. T. Gray and A. Blackio,«/., 1921, 326a. 

5th RepoH. Goa 1921,164, 677, 744 ; 155, 35, 102 ; J., 1921, 676a. 
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2% over ^ jiouri. Improvements have since been made. The 
B^lef instrument was also examineti, and while it was found 
simple in codstructioikianti opgration, free frpmi (.roubles of'water 
' supply, and not subject to change of, gas rate^ -fidtlf variation in 
quality, it was found liable to change with alteration^'in atmo- 
• spheric temperature and sensitive to draughts. Daily attention 
is necessary, and an accuracy of + 10 B.Th.U. uncorrected for 
temperature and pressure should be obtained. 

Recording calorimeters of other types are available and some 
are being examined. The Fairweather instrument*® is again of 
the water flow type, and is based upon the Boys oalorin^ter, to 
which has been added a mechanism for giving a tabular number 
correction and a record. The former is obtained by the expansion 
or contraction of a certain volume of air sealed in oil and su^pporting 
a float. To the float i5 attached a tube which regulates the head 
of water supplied to the calorimeter. As the atmospheric condi¬ 
tions affect the enclosed air, so the float rises or falls producing a 
^corresponding rise or fall in the head of water supplying the calori- , 
meter. The gas is measured ift a Parkinsofi escap^meter arranged 
so that the evaporation of water from the meter is largely avoids. 

An electrically qperated instrament, the JThomas calorimeter, 
has been worlyng, for some time' at the Gas Light and Coke Co.’s 
Horseferry Road Station,'* where it is said to have recorded within 
1 % from the daily average tests on g^ from the same trunk main. 
Water flow is substituted by air flow in this instrument, and the 
temperatures are measured by electrical resistance thermometers. 

A small motor is necessary, and the instrument is somewhat elab¬ 
orate, but the irecorder may be placed some distance away and so 
can bp itsitalled atfany convenient pl^e. ^ . , 

Naturally the use of recording calorimeters for work^' control 
has been widely extended, and in many cases one is placed on,each 
gas stream. This involves the installation of pn 'instrument for 
checking,.unless such has been already ineorporated in the recorder, 
whpn the expense is practically doubled. Calculaticm fibm gas 
analysis is n^.»’Satisfactory,*particularly when the, proportion of 
blue gas etc. admixed is not Known. 8till-water calorimeters to 
which smeJl samples cap be brought can be used, but there seems 
to be a considerable opening for a convenient and accurate 
instrument for this, 'purpose. 'The desirability of checking the 
qut^ty of the gas at the suction side of the exfnauster has led to 
the introduction of miniature exhaustem which pulFa stream of 
^as through a purifying train to recording instruments. Owing, 
however,, to the lag of the instruments as weU as of the small gas 
stream, ihe response is not immediate. Hence there is still a 

*» E.P. 1.6?328 ; Cku J., 1921,164, 656, 628. 
u 0 /u> .1 laai 1 KA sn 
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tendency to employ jet photometgrs oYi^the gas at the^OHtlet of the 
works’ exhausters. A rfiore accurate mstrument fdt this 
purpose is founijed ^on the Bra^y iJdioator.” This instru¬ 
ment dq)end8*oif tjie decre^e in luminosity of a flame from a 
mixture Af coal gas and air when the gas-air ratio is diminished. 
The point a^' which the luminou!) tip disappears provides an 
index of the heating value. This idea has been utilise^ in 
devising an instrument wliich is not intermittent and is 
largely automatic. In the “ caloriseope ” advantage is taken of 
the fact that the amount of air induced at a Bunsen burner is 
dependent upon the kinetic energy of the gas issuing from the 
jet, and this in its turn is dependent on the square root of the 
density of the gas, providing the pressure on the jet remains constant. 
As the rate of efflux of the gas varies inversely as the square root 
of the density, any alteration of the density is automatically cor¬ 
rected by a change in its inducing power. The apparatus consists 
of a Bunsen burner, provided with a good governor on the gas 
supply and a .sensitive needle valve on the air inlet. The operation 
of the«throttIe is communicated to * pointer moving over a scale. ’ 
By adjusting the valve to the neutral point of flame luminosity, 
the degree of throttling can be read off and.jhovides an index of 
the calorific value. Tt is not recommended for other gases than 
straight coal gas,” but this difficulty may be overcome.” 

A long-distance pressure roister which is employed for immedi¬ 
ately informing those in charge of “ booster ” plant of the pressure 
conditions in outlying districts is described by H. C. Widlake.” 
Thq gauge consists of a mercury cup carried on a float in a water 
cistern. Above the cup is fixed a circular frame containing pendant 
whes of varying length and|.resistance. As the pressqy.e of the 
jfas jet^.on thP wat^seal the float rises, and successive contact is 
established with the wires. The instrument is placed in electric 
circtfit with tl\p works on telephone wires. 


Comimstiun. 

The *combination of oxygen with hydrogen and .hydrocarbons 
is of peculiar 'interest in the consifleration of carboMsing problems, 
particularly regarding partial and selective oxidation. H. B. Dixon 
originally showed*' that water vapour was necejsar^’ fdi the com¬ 
bustion of carbon monoxide, and that this could be supplied by 
the combustion o^ any compouritls containiag hydrogen in the 

“ U.S.P. .5,370,94*; E.^. 149,291 ; J., 1921, 291a. See also J., 1919, 
938a. 

“ E. V. Evans, Gas J., 1920, 152, 511 ; J., 1921, 3a, Pee also Gas J., 
1921, 153, 185, 

W. M. Berry, Gas J., 1921, 154, ,33. 

P' Gas i., 1921, 154, 376. 

*' J. Chem. Soc., 1888, T, 49, 94. 



44 ^ BEPOHTH OF THE Pnf'ORESS OP APPLIED fTTEMlSTEY. 

mixture. showed that the "caction CO + HjO = COj + 
was reversible, and that if the carbon dioxide was removei?, all 
the carbon monoxide’codiVl be oxidised by'-steem. Others have 
since regarded the formic acid which lappears. in this reaction and 
the hydrogen peroxide which is present in the c,oml}’ustion of 
hydrogen as intermediate products,” hence a scries of reactions 
can be built up as follows :— 

CO + HjO - HCOOH. HCOOH ~ COj + H^. 

H, + Oj - lU),. HjOj - H/) + O. 

The combustion of methane can be similarly interpreted, the 
carbon oxidising to carbon monoxide and simultaneously the 
hydrogen oxidising to steamThe decomposition of formic acid 
at 1150° C. is shown to give carbon dioxide and hydrogen, carbon 
monoxide being produced as a secondary product due to reduction 
of carbon dioxide by hydrogen.”’ It is also not.without interest 
to find that benzaldehyde—an oxidation product of the higher ring 
compounds—gives, on pyrogenic decomposition, benzene and 
carbon monoxide with taices of anthrace-ie.®” 

I Heating, Lighting. 

A most interesting lq,cture by R. V. Wheeler^’ illustrates the 
application of the study of combustion at Sheffield University. 
The maximum speed of projiagation of flame of a given mixture of 
combustible gas and air is a measure of the tendency to back-fire. 
As the degree of primary aeration is increased so must the velocity 
of the gas-air mixture be increased by increasing the pressure. 
The “adjustability” of a gas depends on the range of gas-air 
mixture^ lying between the mixture for complete combustion and 
that' containing the largest proportion of gas which will prop,agate 
a flame at all. Assuming that the maximum speed of a current 
of gas-air mixture obtainable at the mouth of a burner is 50 cm. 
per sec., nearly the maximum degree of aeration con'd be obtained 
from methane and carbon monoxide without striking back, Jiut with 
hy*drogen htg^jy any at all., Methane would allow of a high primary 
aeration but 'still give 4' small range of adjustaibility. Carbon 
monoxide can give high primary range of aeration and. the 
range of adjustfbility is largo. Hydrogen would tend to strike 
back v«y badly. In mixtures the addition of methane to hydrogen 
reduces the speed of inflammability and a further addition of carbon 
monoxide increases it. Hence for burner n;ork eqjial quantities 

” H. Wartenburg and B. Sieg., Ber., 1920, 53, 2192; J,, 1921, llljy. 

*• CJ. Bone and Wheeler, J. Olicm. Boe., 1902, 81, 035. 

. ,T. A. Muller and E. Poytral, Bull. Boc. Chim., 1921 (4), 29, 34 ; J., 

1921, 162a. '■ 

K. roytral.BMH. Boc. Chim., 1921 (4), 29, 44 ; J., 1921, 141a. 

“ a<u ,/.. 1^1. 18S. 610 : 1921. 206a. ' 
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of these three ga^os would be mpst suj^table. Kiixttyei of water- 
gas, ^coal-gas, and coke-oven gas should not give any diffioClty in 
their Otilisation. , If fny limit at all is v*too«.d on the"composition 
of industrifil g£s it sjiould bo pn the hydrogen. While the presence 
of incom&estiMes does not influence the calorific value of the gas-air 
mixture very much, the adjustability is very much reduced, and high 
inei'ts will mean that very slight variations in jjresiure would jause 
large fluctuation in the character of the flame and tjie distribution 
of heat throughout it; hence the heatitig of furnaces would tend 
to become iucfllcumt. 

The distribution of energy of combustion of a mixture of coal 
gas and air is dealt with by W. T. David.who finds that at the 
jnoment of maximum temperature the distribution is : (1) internal 
thermal energy, 72-80% ; (2) available, chemical energy in unburnt 
coal gas, 10%; (3) heat lo.ss to walls of readtion vessel, 10-18%, of 
total heat of combustion of the coal gas. (1. M. Walter finds that 
for industrial furnace work of the type using atmospheric burners 
the results are affected by alteration in calorific value, a drop of 
.TO B.lBi.lT. havjpg a ntarked elleoW’ 

A very useful pajier by W. Newton Booth on the possibilities of 
gaseous heating show the efficiencies that m&f be obtained with 
many types of furnaces, and the effect of the comjKisition of the gas 
with regard to pre-heating on the temperature attainable. The 
rate of heat transfer is judge^ to be mainly one taking plaOe by 
contact of the gaseous molecules with the surfaces to bo heated. 
This is proportional to the difference in temperature between the 
gas »nd solid and to the tm'bulence of flow ” of the gas, i.e., the 
back-pressure of the furnace. It has been calculated .that if oxygen 
wore available' tb sujjport oon)bustion in the inoii.ndesoeqt> burner 
tile oamje poitcr wofld be as high as 250 candles from a Bijou 
mantle.^'' 

A. KUng and,D. Florentin find“ that carbon,monoxide is formed 
to a greater extent in inverted incandescent burners (0'29-l'23% 
of the ^s consumed) than in upright burners (0'04-0'50%). The 
amount of carbon monoxide formed laf^ely dependj^pn the flafiie 
volume and thd extent to which thk is limited by the mantle. Gas 
burners should be constructed so as to avoid contact^bejween the 
flame and colder bodies of large heat capacity, a 
I mportant work by E. Torres an(l H. Strapbe*® emphasises the 
importance of primary aerajiion as affecting flalne volume and the 
lighting efficiency. With upright burners thq, efficiency is reduced 
by admixture of other gases with straight coal gas. Carbon dioxide 
= Proc. Hoy. Soc., l!)20. A', 98, 303 ; J., 1921, IIU. ' 

“ WiM J„ 1921,153, 464. 

= '• Gas J.^ 1921,168, 223 ; 155, 602. 

A. Kling and D. Florentin, Chim. ct Itul., 1921, 6, 306 ; J., 1921, 763a. 
‘‘ Gas u. WaseerfarJi, 1921, 64, 309, 329, 348, 440 ; J., 1921, 461a, S02a. 
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is espociaSly detrimental. Increased., pressure ■ forces the flame 
upwards and tends, to . fill the burner better giving increased 
brilliancy. Water-gas shortening the *'fiai;he causes a con¬ 
traction away from the mantle. With the Inverted b'Aner the 
efBciency depends so largely on primary aeration that’alteration 
in gas quality is of secondary importance. Dilution with water-gas 
with, the same primary aeration increases the candle power. The 
lighting efiicicncy depends on combustion at the surface of the 
mantle—the extent to which it is completed there. The degree of 
secondary aeration also influences the efficiency. The secondary 
air diffuses inwards to a depth of 10 mm. inside the mantle. Com¬ 
bustion is complete 1 mm. outside the mantle. When primary 
aeration is complete secondary air dilutes and reduces the efficiency, 
hence there is a limit to primary aeration. 

The report of the U.S. Bureau of Standards on the principles 
governing air injection is particularly interesting.^’ The conclusions 
reached are summarised as follows, (a) Where the gas rate is 
increased by change of pressure the momenta of the gas streams 
are proportional to the pressure, (b) Where the i.rifice is ailjusted 
to give the same gas rate under the same orifice pressure with"gases 
of different specific gravity the momenta of the gas streams arc 
proportional to the square roots of their gravities, (c) The ratio 
between the momentum of the gas stream of the mixture is always 
the same for any one burner irrespeobive of orifice pressure, specific 
gravity of gas, or the volume of the mixture going through the 
burner, (d) When the pressure is changed to give the same gas 
rate for gases of different specific gravity the air entrainmdht is 
proportional to the gravity, (e) The pressure af,apy one point in 
the buh.er increases in direct proiiortion to the .increase in the 
momentum of the stream of the mixture. ' 

At the meeting of the International Commission on Photojnetry 
held in Paris certain definitions were agreed iipdn, in respect to 
phqtometrical terms.’* In regard to the lighting oi factories rules 
were agreed upon pending further work being carried ofit. The 
minimum fdbf-candles recommended on the space ^or at the work 
to be illuminated varied from “6 for intricate wojk to 3 for office 
work, 2 ,foK ordinary machining, and 1 for rough work, power 
plants, alleyway's, and so on. 

Public lighting, a subject wKch appears to, have been neglected, 
receives attention irom J. S. G. Thomas.** 

Coal Tisiuffl. 

The carhomsing industries have always felt a considerable diffi¬ 
culty in valuing the coals used. Realkation of the variations of 
** W.^M. Berry and colleagues, Qas J,, 1921,163, 750. 

«• Oae J., 1021,166, 229. 

»• OttB J., 1921,166, 663.' 
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different consignmentg of C 9 al artl the»trouble t^iat ftidh le^ds to, 
together with the increase in the nnmbei;of methods of treatment, 
has accentuate t^e difficulty. Many ha^e pliced reliance on testing 
plants fito the size* dealing with 1/1000 part of a ton to those of 
manufaeWrir^ size. But the resujts are rather a.te8t of the capa¬ 
bility of the person in charge of the plant than of the material 
dealt with. As a rule what is gained in accuracy by increasing the 
size of the plant is lost in time and cost. Probably the most 
satisfactory system is to test the individual characteristics of the 
coal by separate methods and finally summarise the results 
obtained. The results of tube distillation are often of considerable 
value indielping to form an opinion of the merits of coals. A 
method described by the Fuel Research Board’® is likely to provide 
as useful information as any. The ingepjous arrangement used 
for providing a steady pressure condition in the retort tube through¬ 
out the distillation and of collecting the gas evolved should be of 
service in many ways. A series of determinations on the same coal 
gave very concordant results and the method allows of the weights • 
of cok^, oils, li(]|«or, an^ gas being Obtained. 

N. E. Rambush ®* gijltes an account of a method of fuel testing 
amounting to an estimation of tjje distillation products. In this 
case 2 kg. of coal is deajt with at a time, tod a special arrangement 
for collecting tar and other products is described. A weigljt and 
thermal balance is finally drawn up. • 

In a method described by M. Dolch “ the precaution is taken of 
sweeping air from the retort tube with dry nitrogen, but it is not 
advisable to dry the tar in a current of air as suggested. 

• 

• » Cabjomsation. • 

The mechanism of^carbonisation continues to receive attention. 
S. R. Illingworth, developing his theory of coking,” concludes 
that^t is possible to produce any type of coking, steam, or anthra¬ 
citic fuel by Suitably treating a bituminous coal.’* If the coking 
properties depend on the relative rates of decomposition and order 
of stability of the cellulosic and resinic constituents it 8hould*be 
possible to effect a preliminary •decomposition of the cellulosic 
matter which interferes with the formation of the cok% Parr 

and T. E. Layng prefer to take the oxygen'contest as the criterion 
of the behaviour of coal. Coals which have « high oxygen content 
do not usually make good epkes owing to the pfienol-soluble portion 
(the “bindv”) of «(bhe coal coming into cpntact'with the oxy¬ 
genated constituents ana being adversely affected. If, however, 

•" Techniatl Paper No. it T. Gray and J. C. King, J., 1921, 205a. 

J; 1921, 293t. , 

” UitUImt. KoMenvergamng, 1921, 3, 1; J., 1921, 137a. 

Atm, BepU., 1920, 5, 51. 

• •* E.P. 164,104 j J., 19i21, 2 a, 601a. 
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I, 

the coal with a higii oxygen content is given a preliminary heating 
the oxjfgenated comiiounds may be destroyed and the resuiyng 
coke is improved.' i " , ^ 

'■ J. Roberts regards the more bituminous coajs as 8ontaining an 
excess of “ binder ” which leads to expansion and jiort'is coke. 
* If this “ binder ’’ is diluted with non-coking material—breeze— 
a deppe coke may bo produced. Incidentally the breeze adds to 
the coal the property of quicker heat penetration. This method 
of treatment has particular reference to low-temporaturo work.’® 
Baille-Barrelle considers that Saarc coals should be kept for 
some time at a temperature below 32Q° C. previous to coking at 
750° C. in order to obtain good coke.” 

Selective oxidation becomes jiarticularly interesting if catalysis 
occurs during carbonisation as suggested by R. Lessing,” and this 
question will need exalnination in connexion with the proposal 
to use oxygen directly in internally-fired retorts.’" While it has 
been generally understood that the admittance of air to fuel under¬ 
going distillation is deleterious, it is interesting to find that the 
results of an actual experiment has been Focorclcd by A. T'lau,” 
in which oxygen was admitted to the top of a charge in a coke-oven. 
Except that the naphthalene increased at the expense of the benliene 
no bad effects were observed on' the products by increasing the 
temperature of the arch until oxygen was admitted, when a rapid 
loss of ammonia was observed with increase in naphthalene and a 
thickening of the tar. Tar Vapours^ readily absorb considerable 
amounts of oxygen. Hydrogen is eliminated as water and there 
is a considerable increase of the pitch content." , 

In connexion with the projiosals made by J. W. Cobb,” E. W. 
Jefferies-gives a most interesting account of the possibilities raised 
if oxygen was available in large quantities and at'*a cheap rate. 
Taking the gasification of coal in a producer as an example, the 
steam-oxygen prooes? would yield from a good gas qoal of caliSrific 
value 14,240 B.Th.U. per lb., per 100 lb. of coal': garSlOO cub. ft. 
at 0° C. of calorific value 400 B.Th.U., with about 5 7 lb. of conden¬ 
sate tar of doubtful value There would be required 30 Ih. of 
dry steam and 640 cub. ft. of-oxygon. The therftial efficiency 
would be 91'7% or 854% if the condensable tar is'-rejected. The 
composftion of the gas’is calculated to be as follows:—COj 30; 
CjHJ1-4; CH, 7-6; H s 28 0; CO 58 0; N, 2 0%. Estimates based 

” J. hul. Enn. CJiem., J921,18, 14. 

’• N.K last. W. Erg. ; J., 1921, 571a. 

CompUs rcnd.t 1921, 172, 1580 ; J., 1921, 500a. 

lust. Mia. Eng., 1921 ; see also Gas */., 1914, 127, 570. 

N. H. Humphreys, GasJ„ 1921, 156, 39 ; see also J., 1921, 307lt. 

« Brennsiqff-Chcm., 1920, 1, 52, 60 ; J., 1921, 137a. 

L. Wallis. Private communication. 

Ann, 1920, 5, 48. 
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on present-day,costs in jAmesioa ate given.' Th* heat^sed in 
manufacturing the oxygen is reckonecf not tq exceed g5,000^.Th.U. 
per 1000 cub. ft. oftoxygen or 4-7% oH th(?hcat of the gas made." 

The^ork of f. fjinkinson." has been carried further by F. Fischer 
and G\PflfMerer" who find that coal, peat,,lignite, and wood 
all develop electrical conductivity at about the same temperature, 
i.e., 700°-760° C. Up to 600° C. the residue from the oarbowsation 
of these materials was always in the same condition as regards 
electrical conductivity. High- and low-temperature cokes can be 
distinguished by this means. 

Direct determinations of the heat of carbonisation of coal have 
been made " and found to vary with the oxygen content of the 
coal. The heat supplied in the form of electrical energy was 
calculated from the current and voltage at the terminals of a 
quartz tube furnace which was placed in a bomb calorimeter filled 
with nitrogen. One gram of coal was used and a temperature 
of 700° C. maintained during the experiment. 

A large amount of work has been done in attempting to obtain ^ 
quicker transference df heat to thfe charge in a retort than by the 
usual methods of heating flues. Some of the proposed methods 
will be referred to Iqter. There is evidently scope in this direction, 
as the Fuel Research Board rfports that no legs tjian 60% of the 
heat required to carbonise one ton of coal is used to maintain the 
temperature of their vertica^retort settings, i.e., is lost by radiation 
and in the flue gases." 

G. Weyman, using apparatus and method previously described, 
shows that heat is much more readily transferred by the gas evolved 
in distillation than by conduction through the chasges or by radia- 
,tion. This mAhod of heat Ijansference is hinddred or bjfeueht to a 
standstill by the foAiation of the plastic layer during the canonisa¬ 
tion of bituminous coals. Any factor, such as size of particles of 
the*coal, presence of foreign matter, which influences the formation 
or oontinuify of the plastic layer, becomes of great importance 
to th» rate at which coal may be carbonised. Coking coals which 
give thick, plastic layers are very difficult to dealjfith ; gas ?oals 
with more volatile matter can used more rapidly; while non¬ 
coking and arfbhracitic coals which do not give pl^stiq l^ers can 
be carbonised with the greatest rapidityV* • 

The falling off in the gas rat% shown bjs Weyman corresponds 
with the temperature of jnaximum plasticity of G. E. Foxwell,*' 

“ Oae 1021, ftS, 808 ; X54, 374. 

** Ann. Rept»., 1920, 6. 39. 

“ Chem. Zentr., 1921, iSt, II., 521 ; J., 1921, 335a. 

" BrmnMoff-Chem., 1021, 8, 97 ; J., 1921, 289a. 

“ Bfport on Steaming in Vertical RetortB,” 1921 ; V., 1921, 333b. 

' “ J., 1921, 300t. 
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who, in tracing-the path of travel of gases in coke-ovens, has investi¬ 
gated tfae resistance to the passage of 'gas during carbonisation. 
The resistance reached a n-aximum at a terrpereture of 400° 0. 
in the case of a Durham coal, at which point the Co'S.! was in a state 
of maximum plasticity. Non-coking coals show no appreciable 
‘resistance during coking and poor coking coals very little. The 
gas travels up the interior cool zone up to the time of the setting-up 
of the plastic layer and then for the moat part travels through the 
coke. With wet coal very little, if any, of the .steam evolved passes 
through the hot zone and can therefore play only an indirect part 
in conserving ammonia. Only about 1 /2()th of the gas is generated 
in the low-temperature zone and contains half the. total free nitrogen, 
but only 7-8% of the total ammonia. Of the ammonia liberated 
in the cool zone 70% was found to be fixed. 

The effect of atmosphere on the liberation of ammonia has been 
further studied by A. 0. Monkhousc and J. W. Cobb.'“ Nitrogen 
was used as an inert gas, and the amounts of ammonia liberated 
when hydrogen and steam were passed successively over coke 
formed at different temperaturefi were cumjaited with tho.-e fofmed 
when the heating was made in the imut gas. With coke formed 
at a temperature of liOO” C. 9-2% of the nitrogen of the original 
coal was obtaino^d as ammonia on heating in a current of nitrogen 
and 26-8% with hydrogen. With coke prepared at 800“ 0. and 
1100° or the ammonia recovered was eegligihle in .an atmosphere 
of nitrogen and very little in hydrogen. When nitrogen, hydrogen, 
and steam were passed successively over the same coke (prepared 
at 600° C.) the nitrogen recovered as ammonia expressed as percen¬ 
tages on the original coal was:—Nitrogen stage, 7-9; hydrogen 
stage, 24-S : steam” stage, 29’9 ; tota', 62'1%. The residue was 
found to contain only ash. When steam was used directlj after 
the coke had been heated in nitrogen the whole of the nitrogen 
of the coke was obtained as ammonia much more- readily. It 
appears that in the presence of steam or hydrogen, df both, the 
dissociation of the ammonia liberated is very small, but ia the 
presence of nitfpgen only dissociation may be groat if the concen¬ 
tration ia high, although the temperature is comparatively low. 
Sulphur liberated as hydrogen sulphide was found To follow the 
same course as nitrogen liberated as ammonia, increasing in quantity 
by treatment with hydrogen and again by addition of steam. 
Ibis last phenomena has also been noticed by A. R. Powell," 
who proposes to reduce the sulphur content o- coke ' y passing 
hydrogen over it. At 900° C., hydrogen in presence of coke con¬ 
taining 1‘2% of sulphur established an equilibrium at a content 

166, 234 ;WJ., 1921, 760a. See also A. J. Franks, X, 

•1921, niA. 

^ “ X 7nd. dfBg.CAem., 1921,18, 33 i X, 1921, 110a. 
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of 0-25 lb. of sulphur per,million caj). ft. Powell»fil!ds Jhat the 
principal reaction? which occur in the cajbonising of (joal containing 
.sulpltur are : W Complete decompoJltiorf of p 3 nritc to magnetic^ 
•sulphicte and ^ly&qgen sulphide occurring at 300°-600° C.; (b) The 
reductiOT pf sulphates to sulphides—complete at 600° C.^ 
(o) Decomposition of one-fourtt to one-third of the organic 
sulphur to form hydrogen sulphide. This occurs mostly •below 
flOO” C. (d) Formation of volatile organic sulphur compounds 
(e) Disappearance of a portion of the magnetic sulphide—the 
sulphur apparently combining with carbon. This reaction occurs 
mostly above 500° C. In addition the organic sulphur changes 
in character between 400° and 500° (!. No carbon bisulphide 
can be found in the primary distillation products but it is 
formed Jiy the action of hydrogen sulphMe on the coking mass. 
WhUe coke ceases to give off hydrogen sulphide at 600° C. a 
further evolution commences at a higher temperature in presence 
of hydrogen.® 


• New 'Methods of”Carbonisation. 

Among new methods of carbonisation arc’sevoral which take 
advantage of heat ttansfcrcnce by gas.. In one® waste or other 
gas is drawn through the charge. H. Nietfon* introduces an 
internally-heated rotary retort to be used with producer of water 
gas.** It is reckoned that affout 23 ft.Th.IT. is available from each 
cub. ft. of the carrier gas for carbonising the coal, or about 34,000 
cub. ft. would be required per ton. The total expenditure of heat 
would be about 6-7%. The process may cither be used for low- 
temperature •w«rk or carried to complete gnsificati(ja. Town 
gas ^40^'B.ThftJ. pej^cub. ft.) or power gas for electrical generating 
purposes may be the products. In other cases the coal is to be car¬ 
bonised in a powdered state.** Thus coal dust is carried upwards 
into an expaiiding chamber by a current of gas from a previous 
carbonjpation. In this way the larger particles are given a longer 
time to carbonise. The coke dust m§.y be subsequently remcXred 
in a cyclone extractor and then Jjurnt’in a currenT of gas under 
a furnace. K.tM. Bailey proposes*” to suspend coal dust in i 
current of superheated steam and bring »this into contSht witl 
hot surfaqes at 1400°-1500° 0. where comple^ gasification occurs 

* ' 

*” See also H. F.*Yancey and T. Fraser, J. Ind. Eh% Chem., 1921, 13 
35; J., 192H 110a. • R. ¥. Wheeler, Gas Wtrld, 1921, Coking Sect 
June 4, p. 13. 

** W. E. Davies. E.P. 16S.826 ; J., 1921, 574a. 

“ Gas J., 1921,158. 308. 

*® Dnd^eed Stoker Co. and S. McEwen, E.P. 154,253, 154,458, 169,389 
•f; M21, 37a, 806a. 

, ** Chem-Zeit., 1921, 451 789 ; J., 1921, 649a. 
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A gas-producer may be usejj to provide hot ga^ for carbonising 
fuel in aiiothey chamber.” ^ 

^ In a plant consisting oi‘c’ water-gas generator below a vertical 
retort the heat is provided by the partial combitetibn of the gas 
on its way to the carbonising chamber to carbonise the coal, while 
\he heat of the generator is maintained by a further partial com¬ 
bustion of the gas.®* Many other patents have been taken out 
for complete or partial gasification by plant consisting of combina¬ 
tions of vertical retorts with gas-producers, water-gas generators,** 
etc. The blow gases may be used for raising steam, which is then 
supplied to the generator.** In another case the air is passed down¬ 
wards through the generator in the reverse direction to the steam.” 

G. W. Wallace has a vertical retort with the gas offtake consisting 
of a perforated pipe inserted from the base upwards to draw off 
the products downwards from the centre of the charge.** 

F. H. Robinson’s plant, in which the coke from horizontal 
retorts is pushed back into a water-gas generator, is further 
described.** On a test run 55,000 cub. ft. per ton of 344 B.Th.U. 
gas, 54,285 cub. ft. of 366 B.lh.U., and I’O.TIO .eub. ft. tff 321 
B.Th.U. gas trere olifained in different hourly periods. The coal 
contained 13'5% of ash. The tar contained no separable naph¬ 
thalene, but a somewhat high pitch content of 68-8%. 

H. R?ile** finds that a Tully plant working on coke gave 50,500 

cub. ft. of 297 B.Th.U. gas: With colliery belt pickings (ash 
23-43%) the gas contained more carbon dioxide and the output 
of gas was reduced by nearly one-half, but 18,000-23,000 cub. ft. 
per ton w'as obtained of 305-316 B.Th.U. gas and 5 galls, of tar. 
There would seem to be a distinct future for sucl\, plant on low- 
class fuel,‘particularly if ammonia cbuld be recovered.**- c 

Further results on this plant are described by C. H. Chestet-.** 
It is interesting to note that trouble has been experienced in dhe 
fuel ‘ ‘ sizing ’ ’ itself on entrance to the retort, the large' (ailing to the 
sides and the small going to the centre.*’ ^ 

W. P. P<^ry, E.P. 167,822; J., 1921, OSCa. See also McLaurin, 
Nielson, loc. cit, v 

A. Birkholz, E.P. 148,820 ; Gas J., 1921, 166, 447. * 

*• Of: 'ftlapS J. Pempster, E.P. 167,036 ; J., 1921, 139a. 

*“ G. Helps, E.P. 156,812 and 165,456 ; J., 1921, 139a. 

»> WoodaU, Duckhapi', & JoPes, Lid., E.P. 164,935,164,949, anil 166,616 ; 
J., 1921, 672a. 

•* E.P. 129,997 : J., 1921, 6a. 

•> E.P. 168,636 i J., 1921, 727a ; Oas World, 1921, 74, 368; J., 1921, 
423a'. ‘ ' 

Oas J., 1921,164, 93. 

** E.P. 168,452 ; J., 1921, 727a. 

*■*■ Oas J., 1921, 164 . 323 ; J., 1921, 458a. 

Of. Q. Weyihan, loc. cit., and E. Qillett, Oas J., 1921, 168 , 663. 
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• Low-Ternperalhre Carbonisation. 

frjje production of smokeless fuel^in America te a somewhat 
different questfsn lo that in this country, as in the former case 
the f is roquirld to re;^lace anthracite in stoves, while in this 
country thfe object is to replao# raw coal by "a free-burning fu«J 
in open grates. It is doubtful whether closed stoves will ever 
be popular in this country. The Smith process,”* the object of 
which is to produce a comparatively hard fuel, cotisists in crushing 
and carbonising the coal in an inverted heart-shaped retort con¬ 
tinuously stirred, in which it is advanced lengthwise through. 
At a temperature of 4S0°-i>00°C. the volatile matter is reduced 
to about 10% in two to throe hours, and the semi-coal is then 
mixed with pitch and briquetted. The briquettes are carbonised 
in an fcclined retort at about ]000°-l 100“ 0. for six hours, when 
they contain about 3-8% of volatile matter and have a calorific 
value of about 12,870 B.Th.U. The yields of products are said 


to be as follows®” :— 

• ^ • I'rimar^. Secondary. Final. 

Briquottes . — .. — .. 70% dry 

Tiir (»0% tar acids), galls. .. 22'4 .. * 5-(i .. 28 

Sulphate', lb. .. .. .. ^2*24 .. 20^ .. 22-24 

(las, (mb. ft . 5,()00 .. 4,480 * .. 10,080 


The MacLaurin process’'^ has also been the subject of further 
trial” and has given good results with low-grade fuels as a producer 
for power gas. 

The Low Temperature Carbonisation, Ltd., are reconstructing their 
^plant at Batiftley and intryducing an improtted form^«f retort.” 
’Thg bit-uminSus sj^k used, of which 70% is non-cokmg, fis held 
in an overhead hopper by a coal valve over the charge. The charge 
is Ifeld in position by two collapsible perforated steel plates which 
can be keyed oulftvards to form a narrow passage 4 in. wide between 
the retort walls and the plates on each side. These plates are 
said to have withstood the heat cenditions wellrfor over •hree 
weeks. The* gas generated passes through the perforations in 
the plates into the gas space between them. Bj' allowing the 
plates to swing inwards the eharge is loos^ed a»d dropfieTl through 
a rotary* door into a cooling chamber, whfre it cools in absence 
of air. The 10-cwt. charces are earbonisednn 7 to 8 hours, and 
the yields jjpr ton ^e saicTto be : Coalite 14 cwt.,*gas 6000 eub. ft 

”* Ann. Repte., 1919, 4,,46. 

H. A. (Turtis, J. Ind. Eng. Chem., 1921, 18, 23, and tl. H. Thuraton, 
*1., 1921, 61t. 

, ™ J., i917, 620. 

” Iron and Coal Trades Review, 1921, June 24, p. 848,andNov. 11,p. 688. 

” T. M. David|on, Oas J., 1921, is8,,37 ; 1S8, 308 ; J., 1921, 636a. 
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of 700 ^.ThrU^ ana oil 16 t<^ 22 gallons^ The anwunt of surplus 
gas is uncerta^. An .efficiency of over 82% is, claimed and ^he 
^alite is said to contaift 8-10% of volatile maOter^and only 5% of 
breeze. 

N. Young” favours a rotating tubular retort witlr loose iron 
"balls inside to keep the mass consolidated. Heating is effected 
internally by the passage of hot gas, or externally, or in both ways. 
A further modification provides for the heating of the coal in the 
internal drum by the combustion of solid or other fuel in an external 
shell. F. Fischer” has a similar rotating cylinder arranged hori¬ 
zontally with a roller inside. This process is intermittent. 

The Fuel Research Board have been experimenting in the use 
of triangular moulds” which prevent frothing and give a consoli¬ 
dated semi-coke, while pn the other hand J. R. Robertsr’® uses 
coke-breeze as a diluent with coals of a swelling character in order 
to absorb the excess “ binder” and give a dense, hard semi-coke. 

Peat, Lignite, etc. 

Methods of carbonising peat, lignite, and brown coal are in many 
cases akin to low-tefiiperature methods. In view of the shortage 
of coal much attention Igis recently been given to those fuels, 
especially abroad. ‘The experiments" carried out by E. Stansfield” 
in carbAnising lignite were with the particular object of obtaining 
a residue suitable for briquettmg. He finds that if the maximum 
calorific value of the residue is obtained by carbonising at about 
600° C., the value of the by-products is small and the gas is barelj' 
sufficient to provide heat for the retorts or the pitch sufficient 
in quantij.y to profiride binder. Coa|-tar pitch wi* "found to be 
the mdSt suitable binder and 13 parts to 100 parts 6f the jesi^ue' 
was required—almost double that required for anthracite.” 

In the treatment of.peat Muller finds that the moisture nfust 
not exceed 25% or the ash .5% if carbonisation i^ de^red, against 
the 33-40% of moisture considered possible for produoer-gas 
practice.*" Miller found that the yield of gas was 30% of not less 
than 4000 cals, per cub. m.‘; tai\5% and ammonia 0'26%. The 
retort temperature was 1100° C. and the time allowed 4 to 6 hours. 
The liquor was ve>y dilifte. 

’> K.P. 134,529 ; J.*f921, 74 a. ” 

’• E.P. 146,28^; Oas J., 1921, 155, 664. 

»* Oaa J., 1921,155, 36. 

"" Loc. cit. 

« J. Ind. mg. Chem., 1921,18, 17 ; J., 1921, 111a. 

* ,L. R. Thomson, J., 1921, 226t. 

’• J Ctaabekutht, 1920, 63, 817 ; J., 1921, 73a. , 

^ P. F. Purcell, Ftuil Res. Board Spec. Rep. No. 2; see also E. V. Mo4re. 
J., 1921, 229t. 



OAS—LBSTKDCTIVE DISTILL^ON—TAB PBODDOTS. 55 

An interesting,trial has teen made te the Full Reiearch ^^rd." 
Pe»t blocks witt\ 20% of moisture were joughly pvoken in the 
usual eoal breaker •nd earbonised at^^licfrate of 3 tons per day 
per rei^rt in the .vertical retorts. Except for trouble with the 
large vokin|p of gas to bo dealt with and blockage with dust, the 
trial was successfully carried out. From each ton of peat there* 
were obtained 14,900 cub. ft. of 325 B.Th.U. gas, 12-6 gallons 
of tar (setting i)oint 40°0.), OS.J gallons of 3'6 oz. Mqpor, and 5-4 cwt. 
of charcoal. The tar contained considerable amounts of paraffin. 
The gas contained about 18% of carbon dioxide, had sp. gr. 0-757, 
and gave out a heavy sickly odour on combastion. The sulphate 
equivalent of the ammonia in the large bulk of liquor made was 
about 251b. jier ton. The dry peat contained T51% of nitrogen 
—a sonjowhat low figure according to Furcell.® The peat charcoal 
was of much tli(! same form as the pcat*entcrhig the retort and 
ha<l a calorific value of 12,050 B.Th.U. per lb. dry. 

The process of L. Tissiiu- for carbonising wood,** using the exhaust 
gascM from gas engines, might be of use for dealing with peat. Tissier; 
finds^hat the sxhausFgases leaving at 400‘’-450° G. will carbonise 
the M ood in 12-24 hours at 2.50°-350° C., and t^ie resulting charcoal 
is of good quality. 

It is not without interest toffind that'wood has teen carbonised 
successfully and t'le gas used for town supply at Birmjngham 
and fitoyning when coal supplies were short. 

Horkcmtal lleloris. 

The interest of those concerned with horizontal retorts must 
have boon gscajily stimulated by the interesting atfeount of G. M. 
Gill.** ^ Practical r^ults of ♦liich those in charge of sftoh^ilants 
ma^ well be jealous arc evidently largely duo to the very careful 
control of which the paper is evidence. It is pointed out that 
the chief itegf of.tho cost sheet in a horizontal retort house is the 
cost of the coal. Every precaution, therefore, should be taken 
to give the coal the best treatment, and to avoid waste, ^he 
installation erf double-sided step-grate* producers h» given a grate 
area consideraj^ly above the usual figure of 1-36 s<p ft. per retort. 
Settings of ten retorts in 5 tiers are used j,nd t^e disastrmis effect 
of using Refractory materials which give permanent contraction 
is shown. A feature of the retorts is the stopjjig mouthpiece which 
enables tar drip from th« ascension jupes to faU back into the 
retort. Aif interesting (Jsperiment of building a setting up of a 
mixture of unburnt fireejay and grog was brought to a suocess&fl 

** Technical Paper No. 4 ; J., 1921, 759a. 

“ Loc.^cit. 

• “ Chim. et Ind., 1921, 6, 136 ; J., 1921, 252a. 

" Gas J., 1921,168, 212 ; J., 1921, 769a. 
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cono^u^ion.* Muoli* attentioy "is given Jo charging- The lOJ cwt. 
charges are given lO^houis and occupy 05% of the retort sppee. 
Expansion takes up S% aJirf the free space than is.17%. A si)ecial 
'drum on thi^ Arrol-Koulis charging machine ,helps in obtaining 
even charges and,great attention is given to reducingfthc/charging 
’ time. As a consequence of this' it is possible with the provision 
of a rptort house governor on each setting to work with dip pipes 
uns(!aled. The, inerts only total !)%. For properly burning off 
the charge the following temperatures were found necessary in 
the combusti(jn (diamhers corres))onding to the weight of charge ; — 
1270'' ('. for 12-lu)ur charges, l.'ilO" for 10-hoiir charges, and 1400° 0. 
for 8-hour <4iarges. 

W. Newton Booth refers to the falling off in the gas yield with 
increase of age of the -retorts. While, ret-oits may look ,in good 
shape and condition after i-unning for 2000 days, it may not pay to 
run for over 000 days owing to loss of gas and infiltration of producer 
and waste gas by the inei’ea-sing j)orosit.y and number of cracks. 
.'The (luestion of the design of recupiuators is mentioned. While 
these often succi'cd in niaterialfv reducing tfie Hue gas tempef aturo 
they do not seem to add importionately to tlu^ jmeheating of the 
secondary air.*"' Possibly the replacement of recuperators by 
waste heat boilyi's, might secui'e a betti'r elliciency.*" 

A setiing has been designed” in which tlu? seal in the hydraulic 
main is regula.te<l b\ a piessure box: through which the tar and 
li(iuor How. The level of licpior in this box is considerably lower 
than the level of Ikiuor in the hydraulic main and is maintained 
or varit'd by gas pressui’o, which is brought to bear upon its surface 
in the pressure box. The system thus forms qjO, arrangement 
similaj- t6>a U-tub?; with the liquor oil one side lower,than the level 
on the other. The gas pri'ssure of 12-18 in. required tb c&use 
this difference is obtained from a pipe line led, say, from the puijifiei 
inlet. By jilacing a 'pressure com 2 >troller on this jiljie the liquor 
level may be regulated as desired. 

iS^une atteuition has been given to the subject of ascension 
pijic stopiiagwc There is «n'o doubt that oxygen admitted inad¬ 
vertently jilays a most inqiortant jiart and, as a,result, a high 
temperaiar? fc de,\'elopfd in the pijies. Tliis mostly takes place 
w'hen the amount of gas jiassing along the pipe has fallen off in 
([uantity. Schnurr .advocates k water-cooled, ascension pipe.** 
Cooling bj' liqupr circulation is effected in t'lc Congdon system, 
where the retorts on bach side of each ‘setting arc connected by 
short lengths into a vertical cast iron rectiingular main down which 

** William Y<nmg Mom. Lectui-o, Gas J., 1921, 156, 60t 
*» tfee E. (1. Stewart, Ga« J., 1921, 154, 734. 

»’ A. MeiwK E.P. 16.'>,.'5S1 ; J., 1921, 573a. 

«• G’os J., 1921,165, 164, 
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liquor is passed, Pressurp conditions in cac^[ retfcrl! arft'thus 
neutf alisod and a .common vacuum is Wcuvqd no matter at what 
stage Sf distillatifln the coal in any oife retort may be. W. H 
WaiTenV describes, the results obtained from an installatioi 
of a modnioi),system. , 

It has also been found*” that ty cooling the giis between th 
retort and the hydraulic main in some way such as by spr^yinj 
with liquor, an increase in the .yhdd of tar may b(( obtained an< 
()(»'/„ of the t<ar may be recovered in the hydraulic main. 

L. Stock believes that a successful system has boon evolved fo 
.steaming horizontal retorts and a S])00ial setting is described.’ 
It includes a waste-heat boiler built into the setting which raise 
most of the steam required to furnish the extra water-gas. Th, 
steam is, admitted at low jiressure (0-3 atm.), and it is elaimcd 
that the steam reduces the tendenc.y of the hot walls .surrounding 
the free spiicc to overheat th<i gas. Suflieient heat is imparted to 
the steam by this meiuis to eausc it to combine with flaky carbon 
in ju'ooess of formation. 


VerticMl Be, torts. 

A high duty has been obtained.from evaste-hcat boilers installed 
lai vertical settings. J’referabfy these should •be* built into a 
setting arranged for the pur])ose.''” 

Steaming has been investigated b.y the Fui'l Rtvseareh Board.*’ 
Before trials of coals wm-e commenced tlu! heat losses from tho 
setting of Glover-West retorts were determined. The heat required 
to keep the combustion Hues at a tem])erature of 1200° C. when the 
retorts were full yf eoke was ascertained to bo 12-1 therms ijer hour. 
'This^heqt equlvalci|t of thi^ .setting corre.sponds to 69-0% uf tho 
fuel used in tho case of a Yorkshire coal at a throughput of 2i tons 
of crtal per day, per retort. With a combu.stion temperature of 
1210° C. the expenditures was reduced to 9-0 therms per hour. 
Trials o/ three eoals—a Durham, a South Yorkshire, and a Scottish 
coal—^were carried out in such a manjier as to comiiare as fawas 
po.ssiblc with the tests at Uddingstone.” The gas'^ields and the 
calorific value obtained in the test from the South Yorkshire coal 
are given on p. 58 in the curve taken from Fig..3 of tBfc'fteport. 
The temperature of the combu.stion chambers was 1260° C. and 
as much as ,33% of the total heat of the coabwas converted into 
gas of 460 I^,,Th.U. I'dth extra amounts of tar amb ammonia. 

*• Gm J., 1921,156, 72:1. 

"* Hinder, Gfis u. Wa»fterfacft, 1921, 64, 129 ; J., 1921, 395a, 

“ tlmj., 1921,153, 804. 

S. Glvverand J. West, K.H. 163,150 ; J., 1921, 461a.* 

'* Report Fuel Besearch Board. 1920; J., 1921, 333b. 

•* Ann. Repts., 1920, 6,'44. 
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Gl'^eraKy apealang it is cpnsidcwd tli,at it will te found economical 
to steam up to at least 2C % of the weight of ooal. While #here 
are one or two jidintsMitfidalt to understand,•■such as the low! yields 
of ammonia, the Rejiort should he elosely e.vatnined in tljy original 
hy those interes_l.ed. 


Volce-Ovrna. 

k- 

An a result of a Hoard of 'J'rade iiiquirv'"'' it is fo 
7275 by-iiroduct ooens (about H5®(, of those normally in operation) 
3010 are regenerative. 'I'he gas yield averages about 10,000 cub. ft. 
Jier ton of 420--5.50 B.Th.lh gas. In those of the reeujicrative 
tyjie lilt 100% is used for heating the ovens wdiili! from the regener¬ 
ative type! ,50-()0%| is used. A total of 37,250 million cub. ft. per 
annum is ul ili.sed in other u'a^> s than for heating f lu^ oven^, leaving 



a total of 7250 million cub. ft. available, for disposal. This sujqiris- 
ingly small amount* w ould be reduced, as far, as‘tow n’s supply 
goes, by the fact that in main' cases the ovens arc too far removed 
from places of consumption. * 

llie matlidKatical and physical work of G. E. Fctftw'ell" on the 
amount of free space traversed'by the gas from coke-ovens with 
different .jiositions of the asctaision jiipe is interesting. He concludes 
that the gas has'twice as far to travel when the ascension pipe is 
placed at the end of •the oven oharaber as it has when the pipe is 
placed in the centre, but that the time spent *by the products in 
the oven is the samc-wherever the ascevsion ^ipc is ^placed. The 
mean velocity of the gases in the oven is one-half the velocity of 
the gases enfering the ascension pipe. The author finally concludes 

'** das World, 1021, Coking tScct., Feb. ft, p. 12, and April 2, p? 11; 
J., 1921, 193t. 
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that no (lisadvantfvj^e whatever is incurred hy changing tlw porftioii 
of ])ipes. Jt is not certain, however,*that the amoupt of clecom- 
])ositi()ti of tho gi;sooi.s products is soU Jy dqjciidcnt on tho time 
(luring 'vi^i.cli they av(; in the free space, and it might eonceivahly 
he higher -for.^ an increastui travel and propcjrtionately increased 
velocity. T. Johnson" a 'centrally-placed ascension pi|)e 

and suggests an ov'al cross-scetion as giving greater cleaning facilities. 
(Some interesting cui’ve.s are given showing the temiicratun; at th(( 
lop and bottom of a,scension pipes at different carbonising times. 
During the greater part of the time a t.emiieratur(( of over tiO()“ 0. 
is e.\i)erieneed. 

A ])atent has be(ui taken out, for reversing the direction in which 
(he gas is taken off a coking charge so as to e((ualis(( temperature 
condition^ and retard local over- or nndej'-heating.'■'** 

Some attention has been given to the possibility of using the 
sensible heat of coke discharged fr(»m ovt'iis by cinndating flue ga.s 
or inert gas through the (diarge in a chandler. The gases after- 
vvai'ds pass through feed-watei' heati-rs and waste-heat boilers. 
The wlfolc arc uuiunted on movable'', ars."" 


'VVA’ncjiTlAS. 

The Research iSub-commillee of the (las'Investigation Committee 
of the instit ution of (las Engineers has carried out a scries of, (<‘sts 
on a Hunrphries and Glasgow' water-gas jilant at Birmingham.’™ 
The object was to obtaiir the thermal efHciency of the blue w ater-gas 
liTOoess for pur])o.ses of comparison with the efficiencies obtained 
in steaming vertical retorts. The mode of carrying out the tests 
and the results are exhaustively described, 'lire normal cycle 
uaed was one eonsisGng of a one-nrinute blow, and a foin-lrn'nute 
I’un vfhiirh included a 2J-mins. down run. lijr-runs were resorted 
to before clinkering to cool the lower iiart of the fuel bed. The 
average blue gas made contained Jess tlrarr of carbon dioxide, 
more than of carbon monoxide, and over 48% of hydrogen. 

Tho blow gases contained about 12‘/o of carbon dioxide, 12-5% 
of carbon moroxide, 3-0% of hydroger', and 0'5%*of methane. 
I’i'orn 57,500 to 00,800 cub. ft. of 293-300 B.Th.U. gas was obtained 
]>er ton of coke (dry and ash-free) giving 38-,92 to.30'gl IV.^rf coke 
perl000cnb. ft. Interesting frgures are tabulated in regard to 
the distribution of carbotr, sulpliM', and nitrogen. Thu sulphur 
e(|uivalcnt to the ammonia-at the inlet of the scrubber amounted 
to 0-74 lb. pbV ton of cok, charged to generator. Dust collected 

" OVr.v Worlds 11121, Coklufj Sect.* Miircli o, j). 13. 

"* H. Kojijiers, U.K.P. 1,3(19,673 ; J.. 1921, 2.71a. 

Gowe^jjcsclmft Emsehcr-Lijipo and H. Hoyn, E.I'. 1,73,313; J., 1921, 

124a.» 

Sixth Report ; Gas J.', 1921, 164, 619, 672 ; J., 1921, 640a. 
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at Marions lylaces after fhe seirubbef largely consisted of silica. 
Similar denosits have biien previously observed. The thermal 
efficiency, taking tlib fuel for steam supjdied to generator and 
turbine into account, was 45-8-46-7%, and. when thy was not 
allowed for reached 55-2-55'!i%. No allowance is made for picking 
coke from ashes or recovery of potential and .sensible heat from the 
blow gases. The latter iniiiortant loss could be made use of in 
waste-heat boilers which it is calculated would give 09-78 lb. of 
steam per 100(1 caib. ft. of water-gas made. The average efficiency 
would then be 55-9%. This does not compare very favourably 
with the steaining tests at Uddingst'Otu^ K. G. Sbavart, however, 
l)reviously obtaitied a better waste heat rtKovery of (K) lb. of steam 
at 100 lb. pressure per 1000 cub. ft. with a somewhat low'or 
amount of heat in the waste gas and maintains t hat the,,efficiency 
of the water-gas plant should be 70'X,.'"' 

It is reported that at Brcjitford and Bouthall waste-heat boilers 
have resulted in 8uri)lus steam over that rc(iuired for the plant.‘“ 
The introduction of waste-heat boilers coui>led with the system of 
feeding the generator direct ilith hot cokb from herizontaV retorts 
at these works must bring up the efficiency considerably. The 
process then becomes one of two-stage gasification and loads 
naturally via the Robinson plant to complete gasification. The 
advantage of the two-,stage process will lie in the fact that the 
yield of by-products will be higher, and they will be more easily 
recovered in this way. 

An interesting matter which should receive further attention 
is the part played bv mineral matter in the gasification of 
solid fuel. 'Thus L. Vignon"'“ finds that the lime at all events 
plays an important part. It .favours the' jiroduetion ,of 
methane, and by its catalytic activity carbon monoxide oan be 
decomposed in the jiresenec of steam with jiroduction of hydrogen 
and hydrocarbons. • It is considered possible to jiroducc an arliiiicial 
coal gas in the w'ater-gas plant by bringing the Vater-gas into 
contact with lime and steam or by mixing lime with the coke. 

'iiluc watthkgas stenohe,s‘’are dealt with in a rmiort from the 
U. S. Bureau of Mines.*"* 


Ethyl KNK. 

A further accourt" of the ci’perimcntal work at Skinningrove 
on the conversion of ethylene into alcohdl is given by C, P. Tidman’"". 
Pow'dered silica was ifsod as a catalyst ift' the absorption and found 

'*”* amJ:, 1921 , 3 , 58 , 203 . 

*“ Oan./., 1921,184, 145. 

L.- Vignon, Ann. Gkim., 1921, 16. 42 ; J., 1921, 206a. . 

AUifion and Kalz, Tech. Report^ 2G7 ; Gas Worlds 1921, 74, 440 
“6 J., 1921, e6T. 
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to increase the efficiency 5^% wi'th S5-4% sulpnuria' a-sid. it is 
judggd tliat a IJ-niinutcs' contact shouitl give a 70-8Q% recovery 
in ])rat:tice. Die^hylene disulphide waj.>'isoiatiHl as an impurity 
in the rc(incd alco?iol. It is proposed to remove hydrogen sulphide 
hy reaction \yith sulphur dioxide, tlio excess of the latter and the 
free sulphur being removed in scrubbers. The absorption of ethylene 
and proj)ylene by sul])huri(^ acid has also been investigated by 
S, G. P. Plant and N. V. Sidgwick.'"' While the absorption in- 
crea.sed with stronger acid the amount of diethyl sulphate also 
increased. The absoiption is followed by the reaction of the 
absorbed ethylene with acid to give ethylsulpliurie acid and the 
latter interacting with ethylene gives lise to diethyl sulphate. 
Autoc!atal\'sis is considered to be well marked with acids of strengths 

• I 

SlIMUirR PuniFICATION. 

A process has been suggested for retiioving hydrogen sulphide 
bj' a j)referential catal\'tic! oxidaticui over a layer of activated 
(■har<v)a1, thec sulphur being afterwarcLs removed by some suitable 
solvent.'"’ This is somewhat at variance w'ith thc^ work reported 
by the Alkali Ins])ector,'"" w'ho finds that wood charcoal docs 
not behavm in an analogous manner to oxides of iron but produces 
an excessive amount of acid jiroducts and a limited amoupt of 
h-ee suli)hur. 

M. E. Ranibush, who uses a method of licjuid purification by 
circulating ferric hydrate in suspension, finds that a loss of sulphur 
occui's during the subsequent oxidation.'"* lie therefore maintains 
a closed circuit so that the oxygen content of the air used for 
niivification bueomes reduced to 8% and is kept at this by renewal 
w itii flesE ail' from time to time. Ti'on compounds may also be used 
in allwJine solution, tartrates,oxalates, etc. being addisl to prevent 
]irecipitation of the iron, with a disinfectant to prevent bacterial 
action."" 

In the wide field of work still presented by oxide nurification, 
th(^ researches reported by the Alkali Inspector for 1920 are 
"clcomo."' The, material examined designated ‘‘burnt oxide” 
'loes not appear to be the ordinary burnt s'lent yxide wh;.,h has 
been used in making up artificial oxides, but is a residue of some 
process w'hich is “ activated ” by ihixing with <i small proportion 

J., ]4t. 

"" W. Schumacher, O.P. 1921, liSSA. 

Alkali InspecUir'K 1920, p, 38 ; J., 1921, 57U. . 

E.P. 1(12,5,l921,42liA. 

"" Bmlischfi Anilin u. Soda Fiibrik, (I.P. 299,1(13, 331,322, 334,524, 
334,515, . J , i(,21, 338 a, 34r>A, 470a. 

Alkali Inspector''n Report, 1920, p. 25 ; J,, 1921, 57 Ia. 
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of ll^e arfd W)% of fine coal, prctising.^and burning. The material 
was, comparatively speaking, very inactive in the presence of hydro¬ 
gen sulphide but th6 a1)ilorpt#n was mat(*rialiy increased after 
repeated use and the colour changes indica^erf that surface 
was being gi'aduf^lly attacked. When a mixture of airman* hydrogen 
sulphide was usc'd a more rajud action was obtained which was 
appivrently limit<“d by tbe .'iccurnulation of residual nitrogen. The 
action appearc»l to be a x>nrely catalytic one and it was not impaired 
by excess of air or hydrogen sulpihide, but unfortunately fell off 
after rejieated use. A rise of temperature favoured the reaction. 

W. A. Dunklex' giv'es tbe result of an extensive examination of 
the subject.““ He jnefers to consider that hydrates of iron of 
definite composition do not exist except possibly the monohydrate, 
and that the water whidi affects the behaviour of the^ oxide is 
adsorbed on the surface of the material. For each oxide there is a 
definite content of water which is most suitable and tbe activity 
altera with water content above or below this limit. 'Pho yellow 
oxides are considered as a rule more active than the red and may 
be worked with a wider rangif of the waWr content. By heating 
to 400" (.1. such oxides are transformed into reddish varieties and 
tbe activity is then less and is not restored on moistening with 
water or only veiy slowly. Wln,‘n a hydiated or non-hydrated 
Oxid(^ is sulxrbidi'd and revivified in xu'esenee of water it tends to 
return to the same xihysical .state, colour, and water content, ft 
is ini])ortant to note that tbe oxide fouling tests were carried out 
at the ordiuary tem)ierature and the oxide was not allowed to gather 
heat from the reatdlon ; hence tbe acti'dty is limited. This esxicci- 
ally aiiplies t<v the fouling of oxides which have been previously 
subjected„to heat*' ' . 

A very interesting jiroeess is foreshadowed for fho removal of 
hydrogen sulxibide by washinj; the gas with a solution of an organic 
comi)ound.““ A saturated solution of methylene blue, in an aqueous 
solution containing 20% of X'yridine is given ass' an Vxaraple, and 
certain compounds of the azinc, trixihcnylmcthane, and indigoid 
[Ij'^stuffs and'flthcr substanojs which may be reduced by hydrogen 
and oxidised by air can also be used. Benzol may bo added if 
desired jiy’’’‘•vent removal of light oil from the gaA The reduced 
dyestuff is afterwards're-oxidised by blowing air through the 
solution and tbe free.sulphur rq'.'overed. 

« ^ 

C^EBON Bisulphide ani»’ (Iyanooen. 

In the removal of 'sulphur comxiounds by oil washing E. R. 
Hamilton”* Reports that the chief trouWe experienced in dealing 

(lasJ.. 1921.150. :t82. 491 ; J., 1921. GI.Ia. 

South MWropoliliin (las Oo., K. V. Evans, and H. S/*nier, E.P 
108,.104 192U 728a. 

n< IlniJ inai IKK 799 , J 1091 7fiftA ' 
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E-ith gas rich in tl^ese corajioundft was in maintaining tt sui^ble 
tcinp(a'ature. At a temperature of 70°-|i5° C!., 8 galloi;s of oil per 
](MH) ci*b. ft. was.heqpssary to ol)tain*a'50% reduction. It is 
considcrotl that'tli? temperature sliould he kept to about 60“ 0. 
for eftieionl E'orking. C'onsideriibli! aileantage was secured by 
the aimultanetuis removal of naphtfialene. It has hoen suggested 
that the vapours from the distillation of such wash-oil shoulci be 
])a,sscd into suljihuric acid for the, purpose of removipg thiophene, 
or an oil should be used which could tie washed directly with acid 
for the same ])ui']} 0 .se.“'’ 

The use of dilute' hypochlorite .solutions for washing the gas to 
remove sulphur compounds has been inv-sstigated, and found 
})oMsible provided intimacy of contact is obtained."® 

The simultaneous removal of lyanogen and carbon bisulphide 
is pio])o.seTl liy M. Minot.*" The gas, cooMI and fi'ei'd from tar 
hut containing ammonia, is washed with a dilute .sodium polysul- 
]ihide solution obtained from siient. oxidi' :— 

(Nil I.IK'N ( .Nil , -J, NH ,.S(_'N 1 (NM ,),S 
I C.S, r-. ('.S,(N1I,); 

Neeondaiy I’cactions occur ouing (»i the oxygc'ii pi'csent oxidising 
the jiolysuliihide to thiosulphate'and sulphur, and“carbon dioxide 
Ehieh forms an equilitirium in deeomposing the polysuljihide. •The 
wa,sh liquor is distilled and ammonia 'driven off to the sulphate 
jilant. The thiocarbonate is decompo.sed to thiocyanate; the 
■solution is evaporated to dryness ami the residue may be converted 
1o feiTocyanide. 

Another metlKai of removing cyanogen is (.o passdhe gas through 
chitik Mdij^ch mi%' beisprayed with water or ammoniaoal liqUor. 
The chalk is supposed to act as a catalyst, and free sulphui' was 
found in the residue.*"* 

Ammonia. 

• 

Important information as to the coiypounds of anwnonia and 
carbon dioxide Vhioh can exist in (vmtact with aqueous solutions 
•if the component* between 0“ (!. and 60° (1. is given b;^ B. Terre.s 
and H. Weiser.**** Bivc different compounds art* recognised as 
solid phases—ammonium bicarbonate, the bicjirbamate-carbonate 
ilouble salt, thcnornwl caibonatc, ammonium carbamate, and the 
• . 

***■ South M@tropolHudl Gas iJo., E. V. Evans, H. ktollings, and H. Stanier, 
8.1'. 108,482 : J., 1921, 728a. 

***' E. C. Brenner, Amer, Otf/i J., 1920, 114, 339, 348; Chem^ Abst., 1921, 
15. IKOO. 

'** Cliim. e^Itul., 1921, 6, 13,7 : J., 1921. 72f)A. 

*'“.l. U. Toplay, (lax J., 1921, 155. .789 ; J., 1921, 72(iA. 

*** Z. Ekklrochcm., 1921, 27. 177 ; J., 1921, 431a. 
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cari'^mai.e- iicarDonaxe double fait. .Starting with the first-named 
and water between 0° C. apd 33° C., as the concentration of anvmonia 
increases the solid phasell change to the other compounds in the 
order given. 

An interesting plant for the distillation of liquor is‘described*®" 
in which the liquor is sprayed successively into chambers at suitable 
tencperatures and diminishing pressure so that the vapours are 
released in stages. The liquor is preheated by passing through 
tubes enclosed in the jackets surrounding the spraying chambers 
through which waste gases are circulated. Provision is made for 
addition of lime to decompose fixed salts. 

A novel idea is put forward to remove impurities by compressing 
gas in cylinders with glycerin to about 300 lb. pressure and then 
cooling it in condensers to 60° F. The fog of glycerin with dissolved 
impurities is separated from the gas, and upon releasing the pressure 
from the former most of the dissolved gases fly off as vapour and the 
remainder can be expelled by warming.’®' 

By distillation of crude liquor, solutions of various ijtrengths 
can be obtained which can be used for wa.shing gas free from carbon 
dioxide and hydr )gen sulphide, the gas finally passing through an 
acid saturator to remove ammonia.'®* Or the residual crude 
liquor obtained by driving off the greater part of the free ammonia 
can be used for further washing in the scrubbers until its content 
of fixed salts is sufficiently high to permit of its being worked up 
completely. By this method fuel consumption on sulphate plants 
can be reduced.**" 

Work on the oxidation of ammoniacal liquor previous to distil¬ 
lation is reported.'** 

The neutralising of the free acid in sulphate has-not yyt become 
common, but fresh processes have been devised. Thus J. B. 
Hansford**" places a catch-box or small saturator above the usual 
saturator, and works the main saturator up tof neutral point. 
When this point is approached the exit gases which wil] contain 
afiimonia ase passed to the catch box, and there held. When the 
neutral salt nas been removed, the catch box is emptied into the 
main saturator and the process repeated. N. Wilton proposes to 
place the' wet acid salt in a pressure filter and after forcing out the 
mother liquor by dry steam, admit ammonia gas to neutralise.**® 

*** Holmes and Co., M. Boocock, and W. WyldjE.B. 167,719; J., 1921, 
431a. ' • • •- 

*** W. 0. Felt, E.P. 1!>9,90,5 ; Oas J., 1921,164, .756. 

*** .T. H. Fairweother, E.P. 147„783 ; J., 1921, 378a. 

***.J. H. Feirweather, E.P. 165,833 ; J., 1921, 582a. 

*** Alkali Inspector's Report, 1929, p. 20 ; J., 1921, 581a, 

»» Oas WorM, 1921, 76 . 243 ; J., 1921, 733a. 

**« E.P. 164,328 ; J., 1921, 44a. 



GAS—^DESTRUCTIVE DISTILLATES—^lAR PEODDOTS. 


05 


.Tab and,Tak€*koi)iicts. 

N«w processes have been suggested l^r.distilling tar by hot gas, 
steam,* etc. to,avbid 1,he increase in free carbon and pitch which 
occurs ih ordinary distillation. In one case an inert gas such as 
carbon diftxiije or nitrogen is use^ which is constantly drawn off 
at the outlet of the condensers and recirculated through a heater 
to a still. It is claimed that the yield of oil is increased, the pitch 
yield reduced from 60% to 46%, and the free carbon in it from 
40% to 28%. Moreover the distillation can be carried to a much 
higher temperature and pitches of melting point 350°-600° C. 
obtained without coking of the residue.*^’ In another case preheated 
tar is injected with sujicrheated steam into a tube so as to bo 
converted to vapour. Carbon is deposited in a dust chamber and 
the tar pils separated by fractional con(^msation.’'^“ Or again, 
the superheated steam may be passed through the liquid tar at a 
temperature of 200°-250° C. in a continuous manner. Separation 
i.s a.ssistcd by fractional condensation which is controlled by adjust- 
Tiicnt of the outlet tem|ierature of the still. Tars with high water 
contenf can be satisfactorily dealt' with in this manner.’^* H. 
Offerman*®'’ prefers wet steam at 100° C. and, finds that higher 
yields of oil and less pitch result.. 

An interesting study of the synthc.si.s of anthraesnc.from benzene 
and ethylene is reported. A mixture of the two vapours was passed 
dirough a quartz tube in an Wectric furnace in the proportion of 
two of benzene to one of ethylene. The tars collected from experi- 
uicnts made at various temperatures from 800° to 1000° C. were 
analysed, and the anthracene content found to reach a maximum 
at 925°. Above, this temperature carbon rapidly separated. At 
93,')° the tartconteined 4-45% or 0-675% on the bonz&nc. At 
1000°T1. *the yield of anthracene was zero.^“ 

Th» crystallising properties of solutions of anthracene, 
Iihonanthrene,,an{i carbazolc have been studied by B. Pascal,*® 
and the^melting points and boiling points by W. Kirby.*® 

The product obtained by oxidising; anthracene oil after the 
jihcnols have bfeen extracted is said to b6 suitable for transformer 
oil.'** By heating with sulphur with or without air, anthracene 
and phenanthrene are converted into pitchy substance? which 

Bfurett Co., E.P. 158,852 j J., llftl, 575a. * , 

W. Andoreon and J. Meikle, E.P. 158,337 ; J., 1921,209a. 

M. de SSlvignac, ftaj) t/.,»1921, 155, 545, • 

**'' Clum.-Zeit., 1920, 44, 773 ; J., 1921, 35a. 

*** J. E. Zanetti and M. fCandell, J. Ind. Eng. Chem., 1921, 13, 208 ; 
•7-. 1921, 253a. 

*” Bull. i^oc. CUm., 1921, 29 , 644 j J., 1921, 686a. 

*® J., 1921, 274t. 

*•• M. Melamid. E.P. 143,193 ; J., 1921, 173a. 
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increr).se the lubricating propertibs of the oil, and render it suitable 
for lubricating ropes, axtest briquette roUs, cted®® ■■ 

H. Tindale separates pitch into four conStitu’ent oils boiling up 
to 300° C., free carbon, petrolenes, and asphaltenes. ■ The latter 
is most desirable for road tars. In horizontal-retoro tars this 
constituent amounts to 35-40%, in vertical-retort tars to 25-30%. 
It ib proposed to continue the distillation beyond the usual point 
using superheated steam and air. The latter increases the amount 
of asphaltenes and the process is continued until the desired product 
results.^*® 

COREOSION. 

An examination of several points in connexion with the external 
corrosion of service pipes has resulted in some interesting observa¬ 
tions.*®’ With acid conditions bacteria were found to play an 
important part. In alkaUnc soils when moisture was present 
equally severe corrosion occurred, the agent in this case being 
calcium bicarbonate. 

F. S. Solireilier, G.r. 330,370 j J., 1921, 339a. , 

E.P. 163,199 ; J., 1921, 463a. 

J. a Taplay,' Ooa J., 1921, 156, 210 ; J., 1921, 760a. 
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By J. K. Hackfom), 

Chemical Adviser to II.M. Petroleum Department. 

Thb Origin of Petroleum. 

The mo.st gratifying feature of the year ha.s been the recognition 
l)y the valious authorities that they must Revise a theory as to 
tile mode of formation of the petroleum oil particular to the district 
in which they are interested, and not, a,s at the present time, to 
attempt to build up a single theory as to the formation of petroleum 
oils in gfueral. There, is some signiicance in the fact that those 
opinions which attribute the formation of petroleum to vegetation, 
on account of the optically active constituents *which have been 
identified, all originate from the East. Whilst it is true that this 
phenomenon has been discussed* in the West, Aifteilcan workers 
have not put forward any serious theory, supported by observation, 
in this direction. Another point of interest is that most of the 
work done in connexion with this theory has been undertaken by 
men who, presumably, have lived in the atmosphere of the Russian 
and Galician oilfields. It is here suggested that these theories 
have originateil wing to work^accomplished on liiat clasjof oils 
lodsely^kijown a9 thejiaphthcnic oils, and that such theories apply 
lo the oils in question. W. Stemkoff, H. Wintemitz, W. Roederer, 
and A»W. Wolynski* suggest that the optically,active constituents 
originate from, cholesterol and its derivatives, acknowledging, 
however,, the previous work of Engler and HuUard.^ At the 
present time, the decomposition products obtained from cholesterSl 
are all dextrorotatory, whereas certain frdbtions of pelroleura have 
been found to be. laevorotatory. By heating cholesterol at a tem¬ 
perature of 150° C. with kieselguhr, cholestetylenw is formed, and 
'here is a gradual diminution to a minimum,value of the laevo- 
rotatory power of thq cholesterol. This is not dae to racemisation, 
suieo an increase ulljmately occurs. By hefting tholesterol in 
the presence of quartz, at a temperature of 200° C., the rotation 
continuously diminished, and was ultimately converted into a 
dextrorotation. During these heating processes, decomposition 
of the cholesjerol took place, the decomposition products containing 

' praH. Chan., 1919,100, 66. 

’ Z. angew. C&m.„1908, 21, 1686. 
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varying amounts of liydi'ogen, siliil Steinkoif, Winternitz, llocderer, 
and Wolyilski suggest ,dHat, as the result of these ehang<v<, the 
optically active component is generated, since liquid cholesterylene 
can he. reduced in the presence of palladium <o a saturated, dextro¬ 
rotatory, highly viscous product, which exhibits qo fiuorescenc(y 
and which very (;loH(dy resembles the natural petroleum product 
sephrated by Halraai.’ It is reported that traces of chlorestcryl 
ether w'ore prtidueed when the mixture of cholesterol and Ideselguhr 
was heated at 30^ (I. for a short time. (1. Predescirt cites the optical 
activity of some of the higher boiling friujtions of Roumanian 
petroleums. K. Kobayashi ‘ has given a very interesting account 
of experiments in which he obtained mineral oil, alqdiatic and 
naphthenic acids by the distillation of herring oil in the jwesenee 
of clay. The hydrocarbons in the oil were mainly of the naphthenic 
series, together with a considerable quantity of olefines. The 
formation of the hydrocarbons is attributed t(j the action of the 
Japanese acid clay, AljOj, 6Si02,xH20. The fish oil is hydrolysed 
to fatty acids and glycerol by the action of the water in the clay ; 
and the fatty acids are decomposed into hyebocarbons,' by the 
elimination of carbon dioxide, and with the formation of acetic 
and naphthenic acids. The hyjlrooarbons thus formed arc cracked 
to lighter ones by the tipper layer of clay. Tlie oil-fields of Japan 
are tssooiated w ith the outcrops of Jaitanesc acid clay, and Japanese 
petroleum is accompanied- by saL water. It its suggested that 
natural processes, similar to those described above, at^ount for 
tile formation of Japanese petroleum from marine animals. In 
Mexican oils, w Inch there is gotxl reason to believe are derived from 
inarin^ vegehitipn, corroborative evidence is given by the presence 
of iodide in the accompanying salt waters, and a multiplicity, of 
elements, such as could have been derived from marine vege¬ 
tation, e.g. vanadium, gold, molybdenum, lead, and tin in the ash 
of the oil itself. One of the common omissions from such tWories 
as the. above is that of corroborative evidence, dnd it might be 
suggested that iodine, w'hich is known sometimes to occur in the 
livers of cet-ain marine dnimals, and phosphorus^ as phosphates, 
be searched for. 

J. ]?.“Ha'ckfo!'d“ explains the formation of various forms of bitu¬ 
minous matter from petroleum, and entertains the jxissibility of 
the simultaneous foimation of'both coal and oil. He puts forw'ard 
the theory that, in the decomposition of a stratum containing a 
deposit of either animal remains or vegetable matter, these sub- 
sthnees form oil and gas, which, if contained in a sandy bed, arc 

® J\arlsrnii€y 1900. 

'* Hull. Sci. Acad. Romnaine, 1920, 6,188 ; J., 1921, 377^ 

^ J. Ckeni, Ind. Japan> 1921, 24, 1; t/., 1921, 260 a. 

* Min. and Met^ No. 163, July, 1920. 
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swept away from,their source, »s rapidly as formed, hy ^her 
gravi^ or water, since neither the aninM remains nor, the marine 
vegetation contain«celklosic material capat)le of forming a sponge- 
like tissue whiih would hold the oil in situ during the decom¬ 
position stage.^ , 

Then assume a buried deposit of Vrrestrial vegetation. Decom¬ 
position takes places, resulting in the formation of oil and gas, as 
in the case of the marine vegetation. Owing to .the cellulosic 
nature of the material the oil is kept in situ, whilst decomposition 
proceeds. Accompanying this decomposition there is probably 
a rise in tempcTature, which, even if not above 100° C.,is (|uitc 
siiHicient to convert into kerotenes the oxy- or thioasphaltenes 
lliat are simultaneously formed with the oil. As the process goes 
on, the kerotenes become more .sparingly soluble, until they are 
insoluble in pyridine and (piinolinc, and so remain as a solid in the 
s]inngelike mass afforded by the cellulosic structure of the terres- 
ti'iid vegetation. 

P. t'arniody ’ also state.s a view width inclines towards a vegetable 
origin lAr all the carbon*deposits on*'or in the earth’s crust. The 
principal chemical constituent of this vegetation js cellulose, which 
"ontains 44% of carbon. Coal is also of VTgetable origin, and was 
formed fiom cellulose, the chemical thangfi probaljly,taking place 
in the presence of a limihxl quantity of water. When we come 
to consider liquid carbon deporits, c.g. ..petroleum oils, the subject 
bectime.s more complicated, as there is no microscopical evidence 
of cellulosic structure in situ, and chemical evidence, in this case, 
must be mainly relied upon. It is also stated that the presence 
of an asphaltic, base in some oils, and a paraflin base in others, 
is (Idhcult to upiler^and, unites wo assume a <Rftcrcnc»*in the 
charac'jcr'of the vegetable substances from which the oil w'as 
formei^. 

■T. Kewlcy," i^hilgt referring to the origin ot the crude oils of 
Ikirnco, states tliat these oils must be of vegetable origin, as there 
is no indteation in the sands and coals of sufficient animal mattijf 
to have yielded,such quantities of oil. ‘He states tb;»f experience 
docs not lead on^ to expect that coal and oil were formed simul- 
laueously, although he believes that if tho/iils iy the Ksfctifield 
"(TO developed in situ, they have either migrated from some dis¬ 
tance, or have arisen from the coal,* or from thq vegetable matter 
that formed the coal. This* latter view was advanced by C. F. 
Mabcry,* who’stated that c*al is, under certalh circumstances, an 
intermediate state of deconiposition between vegetable,substances 

’ J. Inst. Pet. Tech., 1921, 7, 308 et seq. 

* J. Inst. Pet. Tech., 1921, 7, 219. 

’•4. Aimr. CVim. Soc., 1917, 37, 2015. 

J. Inst. Pet. Tech, 1921,*7, 407. 
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andypetnlciim. W. F. Hume*" attributes a vegetable origin to 
Egyptian oil, and points ^ut the proximity of a bituminous coal. 

The Oxidation of Paeaffins. ' 

A great deal of attention has been centred on the above subject, 
but the nature of the investigations has been ratner to amplify 
and confirm the work of the previous two years. It will be observed 
that the interest lies in the countries of central Europe, having 
originated by the scarcity of fatty acids during and immediately 
after the war. The aim of the investigators is the production of 
commercial supplies of fatty acids suitable for soap-making and 
other industrial uses. 

In many of the earlier experiments, the oxidations were carried 
out by passing air through various petroleum products, at tem¬ 
peratures ranging from 100° to 200° C., with or without a catalyst.** 

In recent work, the paraffin products were either treated along 
the same lines, or chlorinated before treatment. A. Schaarschmidt 
and M. Thiele *" treat paraffin wax with chlorine, and hydrolyse the 
resultant chloroparaffins w?'th alcoholic potash. The resultant 
olefines are oxidised with potassium permanganate, and yield an 
acid CaiHjjCOOB', which was isolated as the silver salt. Oxidation 
of olefines containing a considerable number of double bonds 
yields large Ijukntities of acids soluble in water and much carbon 
dioxide. G. Teichner'" and Deutsche Erdbl A,-G. ** have also 
patented similar processes." A. Griin and T. Wirth"* show that the 
oxidation of paraffin wax at 160° G. is practically unaffected by 
ultra-violet light. 

V. Kohlschiitter and A. Frumkin*’ show that when petroleum 
produft;P are stbjected to the action of canal rays the cathode 
becomes coated with substances which, upon heating, evqlve gas 
and tar, leaving a deposit of carbon. From the description given 
these deposits appear to be asphaltenes, similar, in propeities to 
the sludges obtained in transformer oil. 

0. Granacher*’ treated paraffin wax with air containing 2% of 
iiitrogen peroxide and obtained yields of acetic, butyric, and higher 
fatty acids, with 15% of unsaponifiable oil. The reaction proceeds 
at 110°-150° C., requiring periods from 10 to 24 days, according to 
temperature. With "jpure nitrogen peroxide, oxidation is complete 

** M. Bergmann, Z. angetv. Chan., ]!)18, 31, B8. F. Fischer and 
W. Schneider, Ber., 1920, 53, 922. A. Cjiin, E. Ulbrich, and T. Wirth^ 
Her., 1920, 58, 987. 

** Ber., 1920, 53, 2128 ; J., 1921, 3a. 

** E.r. <148,358 ; J., 1921, 729a. 

** E.P. 148,892; J., 192), 729a. 

Z. wigM’. Chan.. 1920, 33, 291 ; J., 1921, 3a. 

‘• Ber., 1921, 54, 087 ; J.,‘l921, 340 a. 

** Hclv. Chim. -Acta, 1920, 3, 721 ; J., 1921, 4a. 
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ill 8-10 hours at 140° f!., nitric ,oxi<Jc being evolved jNitrogen, 
liydrogen cyanide, *ancl nitro-'compoundsjare apparently also f(!^ed 
under these conditions, and the solutiln-of the oxidised wax in 
caustic spda is »ed. ’ Pure n-undccano treated with nitrogen peroxide 
at 140° C. gave nonoRi acid and lower fatty acids, 40% being unacted 
upon. This fhethod will, therefore*, not give any definite acid from 
a particular hydrocarbon, and the natural higher paraffins probably 
only contain small quantities of normal members. A. Schmidt'' has 
pati'nted a process for producing fatty acids by passing air through 
paraffin wax at a temperature of 100°-120° (I in the presence of 
mercuric oxide as catalyst. W. Sclrrauth'® first chlorinates the 
petroleum fractions, and fuses the monochloro-derivatives at a 
temperature of 200°-300° C. with alkali, “ in such a manner as to 
avoid high pres.sure,” and obtains a yield of palmitic acids from 
cetyl chforidc. F. Fischerheats paraffin wax in an autoclave 
with sixlium carbonate solution, and blows air through the mix¬ 
ture at a pressure of fiO atmospheres and temperature of 170° C. 

The fatty acids have an average molecular weight of 250, and are 
suitabV' for the manufacture ofi- soap. F. Fischer and W. 
Schneider discuss the various factors operating during the above 
process, and find that the molecular weights* of the acids were 
affected by the quantity of air blown through, and a secondary 
decomposition was iiroduced if the air were bloivh through in too 
great a quantity, or for too,;,extended a period. Of the various 
catalysts used, ceria, fuller’s earth, and charcoal gave the best 
colour, but iron and manganese gave the best yields. 

Aetificial Lubricating Oils. 

. Owing to the rapid increase of the use of inlcrnal ccslibustion 
engiries, and the limited supplies of crude oils, some apprehension 
is felt that the day will dawn when the supplies of lubricating oils 
from natural sources will not mt-ct the demands. This year may 
claim to have seen the first serious attempt to prepare petroleum 
products by artificial means, with a view to utilising the produpts 
industrially. .It is proposed by TctralmjGes." to trisat tetrahydro- 
naphthalene with aluminium chloride at 100° C. and obtain there¬ 
from hydrocarbons, which are claimed to l>o of use as iv.bricants. 
('■■ Weizmann and D. A. Legg'“ suggest preparing naphthenes by 
the polymerising action of alumirdum chloride on the mixture of 
butylenes obtained by the»dehydration of n-butyl alcohol. Under 

F.P. 1921, 74a. 

a.P. 327,048; J., 1921, 227 a. 

“ Gm. Abhandl. Kennt. Kohk, 1919, 4, 33; J., 1921, 290a. 

“ Ibid ., 1919, 4, 48 ~ J ., 1921, 290a. 

*=> G.P.‘133,158; J ., 1921, 341a. 

“ E.P. 165,462; J., 1921,'676a. 
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the cVjaditioitB mentioned in thooriginal paper,, it is stated that 
practically quantitative yic|ds of naphthenes were obtained., 

K. Oda prepared a quratity of heavy oife by passing jWrified 
acetylene over a catalyst prepared by reducing a mi:^ture of nickel 
and mercury oxides in a current of hydrogen. A. Maillje obtained 
a yield of light olefinic and paraffinic oils by passing rape oil over a 
copper and aluminium catalyst at 550'’-C50‘' C. 

The above record would be incomplete if nt) mention were made 
of the recent methods now employed in the preparation of paraffins 
by the hydrogenation of coal.'^® The liquefaiition of coal by hydro¬ 
genating a proportion of its constituents with the formation of 
liquid tiirs, oils, and valuable derivatives has attracted considerable 
attention, but little tangible success has yet been reached. Claims 
have been made in Germany on behalf of the Bergius process, but 
no definite scientific information is available. It is stated that 
coal is treated in suitable autoclaves at 400“ C. and at high pressures 
of hydrogen. (It will be remembered that Berthelot obtained an 
artificial petroleum by the action of hj'driodic acid upon coal in 
scaled tubes.) u " 

The first of a scr;;is of papers by F. Fischer and H. Schrader has 
recently appeared” in which the,liquefaction of coal by means of 
sodium format^ i? described. Thus-, if a Rhenish lignite be distilled 
dcstruptivcly about 7 % of tar is obtained ; but if it be mixed with 
four times its weight of swb'um foriJiate, the yield is 23%-27%, 
and even greater if tlie prc.ssure of the gaseous decomposition 
products and the .steam be kept constant. Tlius, 45% of tar was 
obtained from a mixture of one part of lignite and two parts of 
sodium formate, and 48% from a mixture containing 1 part of 
the fueFand 8 parts of the sjilt. -The increased production of 
liquid products is attributed to the influence of the nascent hj'diogen 
formed on the decomposition of the formate used. Molecular 
hydrogen, as in the Bergius process, is stated to have very little 
effect. 

The experiments can scarcely be said to have progres&d far, 
and it would , be useless t(,i criticise the apparent impracticability 
of the process as it stands at the present moment. It is, however, 
probable “hat more economical methods will be discovered which 
will lead to the same result, namely, the conversion of coal and 
peat substances into more valuable raw materials. Thus Fischer 
and Schrader®* have examined the action of carbon monoxide upon 
coal during distillatio,!. In the presenfs of carbon Ihonoxide at 

*« J. Ghem. Ind. Japan, 1921, 24, 1101; J:, 1921, 836a. 

»* Comptea rend., 1921,173, 658; J., 1921, 803a. 

*• J., mi, 445 e. 

” BrcnneU>ff-Ghem., 1921, 2, 161 ; J., 1921, 467a. 

** im., 1921, 2, 267 ; J., 1921, 683a. 
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ordinary pressure .little adv8,ntage results, but the use or increased 
prnsgurc and temperatures, such as .WJ” C., leads to abetter yield 
of tar than when hydrogen is used. The process, however, does not 
give sueh .succcssiul^ yields as when sodium formate is employed. 


Lubricating Oils. 

It is very gratifying to note that there is still considerable interest 
maintained regarding the causes of the lubricating qualities of 
lubricating oils. 

L. Archbiitt^" expresses the opinion that the measurement of 
viscosity should be expres.sed in poises, as w as advocated more than 
20 years ago by l)oel(!y, and again by Deelcy and Parr in 1913. 
More recently Bingham and Jackson, of the U.S. Bureau of Stan- 
dai’ds, have proposed as unit the centijmise designated by the 
letters “ cp. ” to avoid the use of an inconveniently large unit. The 
generally accepted value of the viscosity of water at 20° C. is 
O OlOOf) poise, and on the centi])oLse scale this becomes l-OOS, and 
at 20-2'' C., l-OOO. The viscosity of oils and other liquids, if ex- 
))ressed as centipoises, is therefore accurately stated in terms of 
the viscosity of water at 20-2° 0. taken as ihiity. Tlie general 
adoption of the unit would be very desirable, and in the following 
table the approximate viscosities arc given in ceutipoises of a few 
well-known lubiicating and other oils at different temperatuires. 


Viscosity in Centipedses. 
Water at 20-2° C.=1-000. 



20”C. 

40^0. 

60^0. 

100”C 

oa. 

(68"F,) 

(104‘’F.) 

(140”F.) 

..-'(212°F 


30-0 

18-5 .. 

10-2 

4-fl 

liapt) 

88-3 

. 39-3 .. 

20-7 

8-3 

(’astor 

— 

. 239-9 .. 

78-7 

.. 17-6 

Kftrosono .. ^ . 

1-4 

_ 

_ 

_ 

Transformer 

27'5 

. _ 

_ 

_ 

I’ypowriter ,. 

28‘9 

. 12-7 !! 

6-0 

— 

Manchester spindle 

CO'O 

23-0 .. 

10-9 

3-B 

Palo mapChinery (900/7) 

flO-C 

31-5 .. 

14-1* 

4-i 

Globe .. ■ 

1301 

. 40'7 .. 

17-3 

5-2 

Bayonne 

167-6 

52-2 

21-1 

60 

Queen’s rod (imrall. base).. 

213-6 

1 63-4 . *. 

24-6 

6-7 

Altoir (Texas) 

397-9 

. 89-1 * .. 

'30-4 

7-1 

Price’s Motprino “ C ” 


. 137-6 .. 

50-5 

.. 13-2 

Mobiloil “ BB ” 

525-7 

. 127-3 . 

46-6 

11-6 

Valvoline “ AA ” cylinder.. 
“ F.F.F. ” cylinder 

t — 

. 235-9 .. 

88-3 

.. 20-4 


. — 

115-5 

.. 24-5 

“ A ” cylinder 

— 

. — 

1250 

.. 26-9 

“ S.H.S. ’’ cylinder., 

— 

— 

184-0 

.. 371 


It would certainly be a great convenience to commerce were 
the,above system adopted, and would obviate the confusion result- 

“ J., 1921, 287t. 
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ant Ujioii . iscosities being cxprewed in different, terms according 
to the instmpients used, jj 

Arclibutt recommends the use of the machine designed by JJeeley 
for testing the oiliness of a given lubricant, iji distinction to its 
viscosity. Its de,sign depends upon the fact that when two lubri¬ 
cated surfaces arc at rest and in close contact, the static friction 
or force rcquirtid to cause movement depends upon the relative 
slipperiness of ‘he, surface. Some very valuable results have been 
obtained by its use, and the adoption of the machine for com¬ 
mercial puiposes is recommended. The views given upon hquid 
film and solid film deserve special attention. 

A. E. Dunstan and E. B. Thole “ have contributed a valuable 
paper on the chemical natures of mineral lubricating oils. The 
keynote of the paper is a discussion of the chemical constituents 
of lubricating oils. The individual effects upon visco.sities are 
discussed, and it is jiointed out that an increase in viscosity occurs 
concurrently with a decrease in the hydrogen content, and that 
.lubricating oils which still contain a certain proportion of un¬ 
saturated hydrocarbons arc more viscous than the corresponding 
saturated oils. 

F. H. Garner” discusses at some length the causes of carbon¬ 
isation of lubricating oils in internal combustion engines. He 
concludes that decomposition of oil in an engine can occur in two 
ways : (1) Rapid carbonisation due t,o exposure of particles of the 
oil in the form of a fine spray or mist to the explosion flame, causing 
incomplete combustion of the oil. The result of such carbon¬ 
isation is the production of carbon and asphaltic material; (2) 
gradual carbonisation of the thin oil film on the piston and cylinder 
heads at t3mperatures of 200°-400° Cr giving first asphaltic material, 
which is changed to carbon by the prolonged action of thesa tem¬ 
peratures. 

The writer would here di aw attention to the misuse of the word 
“ carbon ” as being descriptive of residue produced by the decom- 
posjition of lubricating oils in cylinders. A more correct term 
would be “ asphaltum ” decomposition products. If an asphaltene 
soluble in carbon bisulphide be heated for a month', at as low a 
tempera+iwe as 110° C., it undergoes a moleculaf rearrangement 
without changing' weight. It is then found to be mainly insoluble 
in this solvent. It ernnot be celled carbon at this stage, however, 
for the bulk is still' soluble in both chloroform and pyridine, and 
it is only in extreme cases that the wrijer ha^, found uine of these 
so-called carbon deposits to contain more than 10% of material 
insoluble in pyridine. For such substances as are insoluble in 
carbon bisulphide, but are asphaltic in nature, and which evolve 

>« J. Inat. Pet. Tech., 1921, 7, 417. 

” I6«l.,rf921,'7,.98; J., 1921, 138a. 
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hydrocarbon dejiomposition products upon dry distlllatuji, the 
use of the word kerotene is suggested.” 

5i^ner reviews the method of dewrmining the asphaltic resin 
content of liihrieating oils, and has adopted a process utilising the 
solecti ve,absorbent"power of animal charcoal for these substances. In 
this respect* however, it is noteworthy that the American Society 
for Testing Materials have published in their report,“ their approved 
tentative method of determining the asphaltene content of a lubri¬ 
cating oil. In this method 10 c.c. of the oil to be tested is measured 
into each of two clean centrifuge tubes, and diluted to 100 c.c. 
with a light petroleum naphtha of s]). gr. 0-696-0-705, initial b.p. 
4.5‘’-55“ C., final b.p. 120° C. The tube is then shaken and whirM 
in a centrifuge at 1400-1500 revs, per minute, for 10 minutes. The 
piirccntage of asphaltenes is read off in the graduated glass centri¬ 
fugal lJulb. 

j. Marcusson“* confirms these views, naming the mixture of 
asphaltenes and kerotenes “ oilcoals.” He states that the deposits 
generally consist of an oily portion soluble in benzene, a brittle 
asphiJtic constituent insoluble in benzene, a coaly portion, and 
mineral ash. He also finds that the coaly portion, previously 
considered insoluble in organic solvents, is soluble in large excess 
of solvent. From the solution, products of oxidation of mineral 
oils (•“ carbenes ” or “ carboid's ”) and asphaltogenic acids or their 
anhydrides were separated^, The cleposit from a hydrogen com¬ 
pressor consisted of 6% of oil soluble in benzene, 8% of black solid 
material (halt saponifiable), soluble in chloroform, and 86% of 
material insoluble in chloroform. The theory advanced is that by 
prc'vious long use of the oil, rcsinification and tjio formation of 
asphaltenes, carbenes, and a.'^phaltic acids has tkken placio. 

Tbo "cport of tie Lubricants and Lubrication Inquiry Committee 
gives some interesting data on the behaviour of various oils at high 

Pressure. Value in Temp., 

tons per sq. in. e.g.s. units. ”0. 


Castor oil 

1-44 

227-5 

40-2 

„ 

r)49 

864-5. - .. 

40-0 

,, * .. 

7-39 C. 

1164-0'' .. 

40-5 

,, 

.. Atmospheric .. 

1-94 

— 

Mobiloil “ BB " (mineral) 

1-49 

227-6 

40 

4-51 .. “ 

7ro-o 

39-8 

>» >» 

6-47 

1019-0 

40 

,» >» 

.. Almojjpheric .. 

. 1-58 

40 

Bayonne (mineral) 

«. 1 

167-5 

39-9 

4 

630-(. 

40 


8 

1260-0 

40 

.. .. Atmospheric .. 

Min. and Met., No. 163, July, 1920. 

0-49 

40 


Serial Designation D., 91‘21t. 

Brennstqff-Chem., 1921, 2, 103 ; J., 1921. 289a. 

Dept, of Sci. and lud. Besearch, 1920, p. 80 : J„ 1921, 3tiA. 
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pressufp. An apparatus for dctormininp absolute viscosities undei 
high pressures is described,Idllustrations of the arrangements o: 
the heating walls etc. being given. All the" oil:, te.sted sbowec 
rapid rise in viscosity with pressure. ‘ ' <• 

The densities of oils under pres.sure were determined by eom- 
pressing them in a steel cylinder. The densities at (1. under 
pressuie are given in the following table : 


I’roKiurP. Mohiloil 

Tons, per sq. iti. (Vstor <til. Sjierni oil. ('y]in(t*r oil. (B.B.). 
0 .. .. (l■»4^.5 .. O-SOO .. O-.STT .. 0-8i)9 

4 .. .. O-'JSOfl .. O-SftO .. O-OOt .. (1.920 

8 .. .. 0-990r. .. (MJBW .. 0.92('. 0-919 

10 .. .. 1-001 


Tests of the absolute viscosities of rape, sperm, and h'FF cylinder 
oils at high pressure shooed that the behav-iour of rape ani'l sperm 
oils is similar to that of castor oil, and that the mineral oil resembled 
Mobiloil and Bayonne lubricating oil. 

The. importance of th(! estimation of tlu; asphaltenes is emphasised 
by Garner, who found that the fi^rmation of ev,rbon in petrol eijgines 
accompanied the presence of asphaltenes in lubricating oil. (in the 
other hand, there is'no doubt that for conditions .such as those of 
the lubrication of a plain bearing, where heat stres.ses are not severe, 
and under comKtitms in which the ihl is not particularly exposed 
to oxidation, the asphaltic oils give excellent service. The low 
cold test of goral quality asphaltic oits renders them particularly 
suitable for lubricating purposes where low temperatures may be 
encountered. 


, Gasoline Recovery. 

A large dmount of work has been ealried out in the p-bove respect, 
by W. P. Dykema .and R. 0. Neal,’* who state that the absorption 
method of recovering gasoline is more efficient than compression 
and is applicable to rich gas (2-6 galls, of gasoline,per'100 cub. ft.) 
or to residual lean gases from compression plant. Using naphtha 
as absorbent, a plant to handle 500,000 cub. ft. can be installed 
for less than $1000. Details "are given of satisfactory, units, rates 
of flow, etc., and the recovery of gasoline from the absorbent by 
distillation: ■ Portable testing apparatus for determining the 
gasoline content of natural gas is also described. 

F. Bordas” describes modifica'tions of current tests to distin¬ 
guish between bjended gasoline and straight-ruri petrol, owing to 
the inereased fire risk ahd heavy residue of the former. 

G. A. Burrell, G. G. Oberfell, and C. L. Voress®* describe the 
absorption of gasoline by the activated charcoal process and its 

U.S. BmeaU of Mints, Tech. Paper 232, 1920 ; J., 1921, 33a. 

Ann. Falsif., I920,18, .339 ; J., 1921, 138a. 

*» Ckem. lb Mel. Eng., 1921, 24, 156 ; J., 1921, 206a. 
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liberation by means of supfrheafed steam, which expels the absorbed 
liquid contents. . Coconut shell charcaal in granules Jrom 8- to 14- 
mesftand whiclrhaif been activated by tie steam activation process 
is best. ^ The charcoal exhibits selective absorption, ethane, pro¬ 
pane, ami ljutanc being absorbed first and then leplaced by heavier 
fractions. This fact makes it possible to vary the quality of the" 
product by regulating the extent of the absoiption. Qji first 
coming in contact with the charcoal the gas causes a rise in tem¬ 
perature owing to the liberation of the latent heat of the condensed 
vapours, but after a few minutes the rise ceases, the heat being used 
to vaporise lighter fractions previously condensed. A gas rich in 
gasoline may cause a rise in temperature to 00° C. The efficiency 
of the absorption is influenced by the temperature of the inflowing 
gas. i^t 10“ 0. there is 100% absorption, but the cffieiency falls 
constantly with rise of temperature. At 5(K)° C. there is no absorp¬ 
tion at all. The rate depends on the richness of the gas. A gas 
giving 400 gallons of gasoline per 1,000,000 cub. ft. may bo passed 
at th(^ rate of 40 cub. ft. j)er hour per sq. in. of base surface in 
5ft. (Jolumn of,charcdal. After absorption is complete it is neces¬ 
sary to heat to 200° C. to expel the heavy fractions, and the steam 
employed is heated to 250° (1. or higher. The vapour is preferably 
pas.sed through two condensers” in series, the fij'st condensing the 
major portion of the steam just below 100° C.; in the second 
cooling water at 16° C. is ixied to cpmplete condensation. An oil 
plant and a charcoal on the same gas on the same day gave 125 
and 203 gallons of gasoline per 1,000,000 cub. ft. respectively. 

The question of the determination of sulphur in light petroleum 
products ha^ pttraeted a noticeable amount of attention during 
.the last yea^^ F-Esling •describes a modification of‘the lamp 
mothofi and advdeates particularly care in the selection and the 
jueparation of the wicks. S. Bowman •“ emphasises at some length 
the disadvantag^is of the bomb for the estimation of sulphur in 
jictrols and (fcscribcs a lamp method for this purpose. J. S. Jackson 
and A*. W. Richardson describe a new form of lamp in wjjioh 
the cotton Y'ick is replaced by a btiqdle of capUUlries, sufficient 
air being injected into the appafatus to enable undiluted spirit to 
be burnt with a non-luminous flame. T|jis method obviates one 
of the undesirable points of the lamp method, as the petrol is not 
fractionated by capillary action w possible oelective absorption by 
the wick. The a'dvantages claimed are : (a) Thf capillaries can 
easily be taken ott and washed and any sulphur held thereon 
oxidised and included in the estimation. Experiments have 
shown, however, that tile quantities so obtained W'cre negligible; 

“• J. Inst. Pet. Tech, 192f, 7. 83; J., 192t, 500 a. 

' “ Ibid., 1921, 7, 334 ; J., 1921, 878a. 

“ Ibid., 1921, 7, 26 ; j ., 1921, 207a. 
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(6) the flame is hotter, and therefore the probability of complete 
combustion k greater. In ' iew of the difficulty of getting glass 
which will withstand the heat of this flame, it Is suggested thdt the 
top of the tube be protected by a silica jet; (c) much larger quan¬ 
tities of spirit car. be burnt in a comparatively short' time, thus 
assuring greater accuracy. 



79 


dOLOlTRlNa MAtTKRS ANT) DYES. 

By F. W. Atack, M.Sc. Tech., D.Sc. (Mane.), B.Sc. (Lend.), F.I.C. 

The year under review ha« seen disaster approaching in the colour 
industry of many countries. The industrial slump, loading to a 
tremendous decline in the consumption of dyes throughout the 
world, has been coupled with a financial stringency which has 
necessitated the abandonment by most firms of their research 
programmes. This has led to a wholesale seduction in the numbers 
of research and other chemists, up to a point at which it is doubtful 
whether the colour industry in England is fulfilling its duty, as a 
so-called “ key ” industry, to maintain ready for emergencies an 
adequate supply of wjU-trained chemists, in return for a Govern- • 
raent subsidy. » 

The attempt of the various concerns not only to supply national 
demands, but also to provide 8® export trade,* has led to over¬ 
production throughout the world until tlie supplies.available from 
plants erected would be sufficient at least three-fold for the world’s 
normal annual consumptioiT* • 

Outside Germany and Switzerland, no really satisfactory progress 
has been made in the production of vat dyes, and such progress as 
is to be recorded is mainly along the lines of familiar jme-war German 
colours. It is olear that immediate commercia),and not ultimate 
national interests ^ predominant in the control of the’chemists’ 
efforts. No fundamental research of importance is in progress 
with a view to the production of new colours, and it is now clear 
that the fun^s provided by the Govemmen’l for research in the 
dye industry have been used mainly for so-called “ research ”— 
actually obtaining once again the “ dye secrets ’’—Reading to sbhe 
produetion cf well-known colours under various Mew and novel 
pseudonyms. * ' 

It is unfortunate that this state of affairs was^noffoivSeen, and 
the publi^ money used in the establishment of a Dyestuffs Research 
Association under^ the DepartmSnt of Soifii\tific and Industrial 
Research, as free as possible from trade jealousy apd interference, 
to conduct'*fundamental research along the' many lines still open 
for investigation. , , 

Much has been written of the strong position of the German dye 
firms, but it is questionable whether the temporary advantage 

* ^ See Ohairmem's Addre^, British DyestuSs Corporation; J., 1921, 133r. 

* H. E. Fierz, J., 1921,'365 b. 
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they posaftss of having written off their plant—liable to depreciate 
so rapidly—could not be m^t on a more permanent basis by a more 
careful enquiry into the possibilities of obtaining cheapi3r raw 
materials for the industry within the Empire, h'reer CQ-operation 
between tar distillers and colour makers is obviously esscntial, but 
many of the former consider they have not been treated fairly 
during the war period in regard to estimates of probable require¬ 
ments, which were generally exaggerated by the colour makers.. 

A valuable general review of the modem dyestuff industry has 
recently been given by a recognised Swiss authority,“ in which 
the economic situation and future development of the industry are 
discussed at length. It is stated that the general expenses in the 
United States are at least five times as great as in Switzerland. 
The conditions for a successful colour industry arc considered to 
be maintenance of pre war standards and unceasing progress. 
Staple dyes may not survive serious competition; thus indigo is 
meeting strong competition from Hydron Blue, fast blues, and 
sulphide dyes; aUzarin cannot enlarge its field, as strong 
competitors are appearing ; and the tendency t'' aso better and 
more expensive dyes, which originated in England, will eventually 
eliminate many of the well-known cheap dyes. In this connexion 
it may be added that the frank collaboration of a dyer, with a 
satisfactory knowledge of actual requirements and not only past 
demand of known colours, and the actual colour chemist in charge 
is essential for further progress. 

The future progress of the dyestufE industry depends largely on 
tariff questions, a satisfactory tariff making financial interests 
prepared to advance funds for development work and research. 

In Eilgland, vital and possibly irieparablc damage was done to 
the dye industry by the failure of the Government to bring into 
operation at an earlier date the Dyestuffs {Import Ecguletion) 
Act, 1920, and, apart from reparation dyes, large stocks of German 
colours were rushed into the country after the Sankey judgment— 
stocks which will last for some considerable time even when con¬ 
sumption bee mes normal The unfortunate dual position of the 
Chairman of the Calico Printers’ Associa,tion as such, and as Acting- 
Chairman of the British Ahzarinc Co., Ltd., might have been 
brought into prominence, and his speech at the general meeting 
of the Calico Printeis’ Association * has led to several protests, 
including an important statement by the members of the Dyestuff 
Group of the Association of British Chemical Manufaccurers.‘ 

The suggestion that the British Dyestuffs Corporation, Ltd., had 
been over-oapitahsed was not considered correct in the Majority 

*, H. E. Fiera, Britisli Association (Section B), 1921; J., 19‘^1. 364iu 

• J., 1921, 354b. 

* J., 1921, 366r. 
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Report of the Sub-€onimittc« on rjycs and Dyostufis of the Standing 
Committee on Trusts.® 

In Fftmcc, gr|;at*nrogress was reported from the extensions carried 
out at Denis during the year 191 it’ 

In the tlnked States it is repi'rtcd* that in the year 1919-20 
Switzerland replaced Germany as the chief source of imported 
colours, and that American makers can now supply certain alizarin 
colours. 

On the occasion of the recent visit of the Society to the United 
States, it was a matter of fre([uent (somment that the American 
Chemical Society, as a united body representing both chemical 
science and industry, w'as able to bring considerable influence to 
bear on the Government authorities in matters such as the dye 
industry,'* and this is assisted by their admirable publicity system. 
So far, however, only provisional methods of protection have been 
granted to the industry. One of the main difficulties experienced 
by the colour industry is obtaining a supjfly of anthracene for the 
production of vat colouij^, as there isja lack of demand for the hard 
pihh which reiuifins after the anthracene has been removed from 
the tar; it is, however, anticipated that the prdfluction of anthra- 
eene and antliraquinone wdll soon l)c sufficiejit for all requirements,*’ 
the Thatcher electrochemical prrihess being used foi’tlffe oxidation.*" 
The German chemical indq,stry has been recovering from the 
series of crises arising out of the post-war juffitical condition and 
the exohang<!s‘*; the temporary difficulties connected with the fuel 
Ku]i})ly have been largely overcome.'* The future is regarded with 
anxiety owing to the diJliculty of selling in foreign markets on 
aoccimt of tin* heavy import (^uties and the practical prghibition 
of im])oiJ.ation‘by ISigland and America.'* 

The Swiss dye industry was handicapped at one time by the high 
valueW their cqrrency ; a factory has been purshased at Cincinnati, 
1 .S.A., by thceonttoUing interests in Basle.** 

In Japan, due to a lack of technical skill and of a home supply (if 
mtemiediatesfor dye production, it is statqji that theind^istiy cannot 
' ompetc with tlerman or American manufacturers, even with the 

« <-W. 1370; J., 1021, 255b. 

’ J., 1921, 12b. 

• m. oj Trade. J.^Deo. !), 1920 ; J* 1921, 31b. 

’ Cf. J., 1921, 31b, 292b. 

d., 192lt328B. * 

" J., 1921, 292b. ■ 

Chem-Zeit., .Ian. 1, 192f; J., 1921, Sh,. 

“Report on the Industrial and Economic Situation in Germany in 
JJoceraber, iqgO” ; J.. 1921, 53b. 

*" J; 1921, 294b. 

*'■ Z. anam. Chem., Feb. 18,1921 ; J., ^121,130a. 
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expected''35% import duty**; and importsof European and 
American dyestuffs indjeafied considerably.” The suggested amal¬ 
gamation of dye makers did not materialise, a'lid the view is espressed 
that some of them only desired it in order to avoid liquidation.^* 
It was reported that the Government intend to assist’ the Japan 
Dye Manufacturing Co., and considerable progress has been made 
in ttie production of the chemicals required in making dyes, but the 
market is overstocked by the excessive imports, in anticipation of 
the import duty, during 1920.** 

In Spain, apart from the simpler colours, recent attempts to 
establish a colour industry are stated to have been unsuccessful.** 

In Italy, a crisis in the colour industry has been caused by the 
total lack of protective duties and the sale of German reparation 
dyes at cheap rates ; the consumption of fast cotton colours and 
vat dyes, such as indigo and indanthrene, is only small, but it has 
been announced that these colours are now being made by the 
Italica and Bonclli companies.*' 

Intermediates on the Aliphatic s?eiues. 

Recent developments in the manufacture of synthetic acetic 
acid ** are of considerable interest to the colour industry, as apart 
from its use as auch, cheap acetic'acid would be of great value as a 
solvent in many reactions, and also for recrystallisations. The 
oxidation of acetaldehyde'to acetic acid has been effected by 
treatment with air or oxygen in presence of kicselguhr.** 

The use of diethyl sulphate in place of the low-boiling ethyl 
chloride would be preferable for many ethylations for dyestuff 
intermediates, ".nd further advances towards e cheap technical 
method' of manufacture have be6n recorded; thus, on passing 
ethylene in large excess, alone or mixed with an inert gas, into 
sulphuric acid of about 100% content, or into a solution of ethyl 
hydrogen sulphate in sulphuric acid, at about' 76* C., diethyl 
sulphate is formed, and may be isolated by extraction, for example, 
r ith benzene or ligroin, or the reaction mixture may be used as an 
ethylating iJgent without further treatment.** A., further patent 
claims the preparation of dialkyl sulphates by the direct action of 
sulphur^ trioxid". on aliphatic alcohols in presence of dehydrating 

>• V.S. Com. Rep., Nov. 23, 19^0 ; J., 1921, 32b. 

*’ Z. angew. Gha.i., Deo. 24, 1920 ; J., 1921, 32b 

*» Chm. ltd., March 28, 1921 j J., 1921, 157r. 

»• V.S. Com. Nep.,''Apra 30, 1921 j J., 1921, 23jiE. 

** Z. onoeui. Chem., Nov. 26,1920 ; J., 1J21, 50 b. 

•* Qiam. Chim. Ini. App., April, 1921; J., 1921, 236b. 

**-X, 1921, 345b. 

*• Farbonfabr. vorm. F. Bayer & Co., G.P. 299,782 j J., 1621, 717a. 

•* N. V. Sidgwick, 8. G. Preston, and A. Boake, Roberts & Co., Ltd., 
E.p. 157,578; J., 1921, 196a. 
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agents, such as phosphorus pe^toxitte or anhydrous sodium’sulphate 
or copper sulphate, and in the presence o:^ absence of inert diluents, 
such as «i|iloroform,*carhon tetrachloride, and the like.’® 

Neutrah alkyl WfShjtes are obtained by distillation in vacuo of 
alkylsulphuiic ^ids in presence of compounds capable of combining 
with the sulphuric acid formed, e.g., anhydrous sodium sulphate.®* 

A general method for the preparation of aminos from aldehydes 
or ketones is to dissolve the latter in the requisite amount of an 
8% solution of ammonia in absolute alcohol, add finely-divided 
nickel as a catalyst, and then shako the mixture in hydrogen at 
the ordinary temperature and pressure until absorption of 
hydrogen ceases, when the amine is isolated in the usual manner.*” 

iNTBRMBpiATBS OF THE BeNZBNE AND Na^THALBNE SeBIBS. 

Benzoic acid free from chlorine has been synthesised from benzene 
hy converting sodium benzenesulphonate into benzonitrde (yield 
4il%) by means of sodium cyanide, followed by hydrolysis with 
sulphurictacid (sp. gr. 1-fi), giving a yield (on benzonitrile) 
of practically pure benzoic acid.®* 

Aromatic acid chlorides are obtained in good yiefd by heating the 
< urj'esponding trichloride (1 mol.) with water <1 mol.) in the presence 
of sulphuric acid and ferric chloride as catalysts; *thhs benzotri- 
chloridc yields benzoyl chloride, and similarly 2.4-dichlorobcnioyl 
chloride may bo obtained.®* 

Aromatic alkylsulphonamides are obtained by the action of 
aromatic sulphonic chlorides on alkylamine salts in presence of an 
acid-neutralising agent such as sodium carbonate; for example, 
an almost theoretical yield of, monomethylxylenSsulphoijamide 
is produc(j(l froh x^enesulphonic chloride and methylamine 
hydrochloride.** 

The view cxprqpsed.by Buchorer that the reactivity of naphthols 
with bisulphite is diue to the intermediate formation of highly 
rcactiv'c n^jphthyl sulphites is not considered to be in harmony with 
the established properties of these substances ; it is now assumed 
that the naphtholh react in the tautomeric kdlonic form, tEe products 
heing normal addiiive compounds. Thus hydroxynaphfhoic acid 
and bisulphite react with (M-methylphcnylh;fdrazilie in exactly 

L. LUienteld, E.P. 143,260 ; J., lOZf, 322a. 

E. Kuh, E.P. 149,b'88 ; J., »921. 561a. 

“ G. MignonJe, CompHs rend^ 1921, 172, 223 ; J., 1921, 194a. 

R. H. McKee and F. A. Strauss, Ghem. and Met. Eng., 1921, 24, 638, 
W;.7., 1021,410a. • • 

■’ Badische Anilin und Soda-Fabrik, G.P. 331,696 ; J., 1921, 323a. 

British Cellulose and Chemical Mfg. Co., Ltd., W. BadeF, and D. A. 
Nightingale, E.P. 167,941 ; J., 1921, 749a. 

** P. Friedlander, Ber., 1921", 64, 620 ; J., 1921, 340a. 

. • f2 
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the samo manner as with phenylhydrazino, 'yielding N-methyl- 
naphthopHenocarbazoli? 

1 I ' 

a reaction which is not possible if Buohcrer's views pre'correct. 

' SiilpJuyiiation. 

Contrary t() the results of J. N. Ray and M. L.Doy.’^thcsulphona- 
tion of benzoic acid in jiresence or absence of iodine only yield.s 
1% of o-sulphobcnzoie acid, and in the aulphonation of catechol 
the 3-suli)honic acid and not the 4-isomeride is ])rodueed.*’ The 
aulphonation of toluene with ehlorosulphonic acid leads to thcproduc- 
tion of mainly o- and j>-toluencaulphonic acid.s at low tcmporature.s ; 
at 0° C. and higher teinperature.s o- and p-toluenesulj)hoEic chlorides 
predominate.”* 

Sulphonic acids of monoarylaminoquinones are obtained by the 
interaction of 2 inols. of a quinone and I mol. of an aininoaryl- 
sulphonic <ae.id (e.g., sodiuip suiphanilate) in alcoholic solution ; 
the products serve as dyes, or for the production of mixed diaryl- 
diaminoquinones, either as such or on the fibre.”* 

l-Mcthyl-2-amino-4-isopropylbenzene-5-sulphonic acid is obtained 
by heating aminocymene with b8% sulphuric acid.’® 

The exhaustive sulphonation of naphthalene, according to the 
results of Armstrong and Wynne, could only lead to two products, 
the 1.3.0-tri- and the 1.3.5.7-tetra-sulphonie acids ; the statement” 
that these two acids are accompanied by Senhofer's tctrasulphonic 
acid”® could not be confirmed. Losses in the manufacture of H-ae,id 
are attributed to the formation of the tctrasulphonic acid and 
destructive oxidation ; in addition small proportions of the 2.7- 
and 1.6-disulphonic acids are formed, w’hich are only furtherbulphon- 
atod with difficulty to the 1.3.(i-ttisulphonic acid.®” « 

The separation of 1.4.8- and 1.3.8-naphthyffiminedisulphonio 
acids from the crude mixture obtained as described in PI. P. 4265 
*bf 1888 bps been effected by taking advantage of the differences 
in the solubility of theiv barium salts.*® The product obtained by 
sulphonating ^-naphthylamine with 94% sulphuric acid contains 

J., 1921,'40a. ■' 

”” V. Auger and Jd. Vary, GonipUts rend., 1921, 173, 239 ; J., 1921, 618a. 

”* L. Harding,-CAcm. Soc. Tram., 1921, 119, 1261 ; J., 1921, 715a. 

”” M. BoAke and W. and H. Suida, G.T. 326,511 ; J., 1921, 174a. 

”” C. B. Andrews', and The Selden Co.J'U.S.P.* 1,314,927 ; J., 1921, 323a, 

G.E, 79,054. 

”» Mmatsh., 1882, 8, 112. 

.H. E. Fierz and F. Schmid, Hdv. CKim. Acta, 1921, 4, 381 ; J., 1921, 
38'Oa. , 

*“ South'Jletropolitan Gas Co., and H. ijtanier, E.P. 161,859 ; J., 1921 
4,28a. 
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35% of the 8- and 65% of<the ^-sulphonic acids, togettier with 
the 6- and 7-isoinerides; the mixed sodiuiji salts arc treated with 
the corr^t amoiyit of sl^phurie acid to precipitate all the 8-sulphonic 
acid in a practically pure condition ; the 5-sulphonic acid is also 
(ihtainablc f)ui» in this manner, an^ may he readily isomerised to 
give the 6- and 7-Rulphonic acids. 

Methods have been devised for the volumetric estimation of 
aiuinonaphtholmono- and di-sulphonic acids by titration with 
diazo-compounds under suitable conditions.^ 

A method for the detection of naphthalene-2.7- and -1.6-disul- 
])honic acads has been described, based on the preparation of their 
acetone-insoluble ,S-naphthylaraine salts. 

Alkali Fusions. 

A meth(»l of conducting fusions with molten caustic alkalis has 
been de.scribed in which a hot concentrated solution of a sulphonate, 
sodium bcnzenesulphonate, is introduced slowly on to the 
surface of the. molten alkali. 

Ifiphei^vl oxide isprepajed by heating an excess of sodium benzenc- 
sul[)honate with sbdium hydroxide, when the sodium phenoxidc 
first pioduccd combines with the excess of sodium bcnzenesul- 
jihouate.''' 

Nitro-coihjmmds. 

A continuous process for the nitration of benzene with nitric 
acid in presence of a mercury compoifhd has been claimed, the 
cooled liquid being filtered and returned to the nitrator.'"* 

The nitration of phenol to picric acid has been investigated, the 
best results being obtained by sulphonating almost to the disulphon- 
ate stage and then nitrating at about 30°-40° ().”• Tii the pianu- 
lacture, of^]>ieric»aciifl it is proposed to nitrate the sulpflonated 
jilienol Ix'low 70“(!. to the inononitro derivative by means of a 
slight excess of nitric acid ; further nitration is effected above 
V(t" (,'.!» Trinitig)reHorcinol has been obtained by nitrating resor- 
cinoldisulphonic acid, suspended in concentrated sulphuric acid, 
with 90—100% nitric acid.*“ , 

The formation of 2.3.6-trinitrotolucne ^as been cAisidercd to 

occur in the duec+ nitration of toluene,'’*' but the compound formed 

• 

" 0. R. Levi, aiom. Ohim. Ind. Appl., 1021, 3, Si ; J.*1921, SOOa. 

“ (!. R. Ilevi, aiorn. Chim. hid. Appl^ 1021, 8, 29J ; J., 1021, OSBa. 

" 0. A. Ambler, J. ind. Emi. Chan., 1920, 12, 1104 ;• J., 1021, 40a. Sc.c 
nil'/ 1 ,'. van Dgin, Rec. '^mv. C/nm., 1021, 40, 90 ; J.^, 1921, 410a. 

** B. D. Steele and R. B. Rdbertson, R.P. 156,209 ; J,, 1021, 142a. 

“ .1. M, Johlin and Semet-Splvay Co., U.S.P, 1,372,434 ; ^.,,1021, 341a, 

“ T. J. Brewster, U.S.P. 1,380,185 j J., 1921, 538a. 

" p. O. Rice, J. Amer. Chem. Soc., 1920, 42, 2665 ; J., 1921, 100a. 

“,T. J. Brewster, U.S.P. 1,380,180 ; J., 19'21, 538a. 

” W. Friedrich, E.P. 162,578 ; J., 1921, 403a. 

" R. B. Drew, Vhefi. Soc. Tram., 1920, U?, 1015 ; J., 1921, 100a. 
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' t 

has in a later publication been eonSidered as‘more probably the 

2.3.4- comp6und.“ < f ^ ^ 

2-Chloro-4.6-dinitrotoluene, produced in the sitrstion o^2-chloro- 

4-nitrotolucnc,** has now been obtained to a similar extent in the 
nitration of 2-i!hloro-6-nitrotolicnp.‘'' '• 

o-Nitroanisolc is conveniently prepared by adding potassium 
carbonate and an aqueous suspension of slaked lime to a solution of 
o-nitrochlorobenzene in methyl alcohol, and refluxing with stirring ; 
this method for the continuous generation of caustic alkali is 
applicable to other condensations involving the elimination of 
halogen acids in which the presence of an excess of caustic alkali is 
undesirable ** 

p-Nitrotoluene-o-sulphonic acid is isolated as the sodium salt 
from the mixture resulting from the nitration at 40‘’-<f)0° of the 
product obtained by sulphonating p-cymene.'''’ 

An interesting development which may lead eventually to a new 
method for the manufacture of /3-naphthylamine is disclosed in a 
method for the manufacture,.of ;3-nitronqphthalene, whi<;li cannot 
be obtained by direct nitration ; a mixture t>i mononitroti‘tra- 
hydronaphthalenes" is fractionally distilled and the /3-nitrototra- 
hydronaphthalene separated from the first fraction by freezing is 
dibrominated ; - on subsequent distillation m maw, y8-nitronaph- 
thalene is produced.” 

Nitro derivatives of phtnazonlum are readily obtained by the 
action of ferric chloride or concentrated nitric acid on the nitro 
derivatives of alphjd- or aryl-dihydrophenazincs ; certain nitro 
derivatives of alklydihydrophenazines are prepared from mono- 
alkylaj,ed o-dia-mines and picryl chloride or in gome cases 2.0- 
dinitrochlorobenzcne, but ring closure has not been effected with 

2.4- dinitrochlorobenzene.‘“ * 

The properties of nitroamines and their derivatives haw been 
reviewed. Nitrogen analogues of Stilbene Yellqw and Mikado 
Orange may be prepared from p-nitroaniline by similar condensa¬ 
tions to tljose which occur in the stilbene series. Oxidation of 
o-nitroaniliute in alcoholie solution with neutral sodkim hypochlorite 
yields 2.2'-dinitroazobenzene, whereas in presence of alkalis a 
quantitative yield of bcnziso-oxadiazolc oxide is obtained; the 

« M. Gina, Ocaz. Shim. Ital, )i921, 51. II., llil; J., 1921,'718a. 

“ J., 1920, 623iC. 

G. T. Morgan p.nd L- A. Jones, CAem. SortTmns., 1921, 119, 187 ; 
J., 1921,210a. ’ 

' “ A. V, Blom, E.P. 167,582 ; J., 1921, 217a. 

“ W. Osakeyhtie, G.P. 327,051 ; J., 1921, 173a. 

'« G.P. 299,014 : J., 1920, 174a. 

Tetralin G.m.b.H., G.P. 332,593 ; J., 1921, 381a. 

F. Kehrmaim and J. Effront, Helv. Ohim. Act<t, 1921, 4, 617 ; 
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dinitro-derivative ef the latter yiSlds a brown sulphide &ye, thus 
suggesting an outlet, for o nitroaniline.”( 

The fiolour rijacfipns* of a number of nitro-compounds in alcohol 
or acotoie solution Tyith dilute caustic soda have been tabulated, 
but it is ddubtful whether the imp|;rities present in most technical 
products would not mask those reactions. 

The estimation of nitrogen in nitronaphthalenes has been investi¬ 
gated, and a modification of the Dumas method devised to give 
accurate results ; a Kjeldahl method described gives low results, 
the deficit increasing regularly with nitrogen content in accordance 
with a graph given." It may bo added that nitro-compounds of 
the anthraquinonc series generally give quantitative results by the 
Kjeldahl method, using additions of potassium sulphate and copper 
sulphate., 

It is a matter of general interest that in a laboratory investigation 
into the cause 9i an explosion on a nitration plant, it was found that 
the presence of lubricating oil in a nitration mixture accelerates the 
rate of decomposition by acid of the nitro product, e.g., dinitro- 
toluene.**** , * 

The importance of a knowledge of the influem^ of intermediates 
on chemical workers cannot be^ over-emphasised ; the nature, 
diagnosis, and prevention of TfiT poisonihg has beqp the subject 
of a very detailed report of which the contents should be noted by 
all manufacturers of nitro-conJpounds.P 
Aromalic Amines. 

An almost theoretical yield of aniline has been obtained by 
passing nitrobenzene vapour mixed with hydrogen over heated 
fused copper oxide ; water-gas or an alcohol, such' as secondary 
butyl alqphol, clpabil of being dehydrogenated under the conditions 
of the reaction, may be used in place of hydrogen.** A catalytic 
method for the reduction of, for example, nitrobenzene, consists 
in adding a sm*!! amount of palladium or platinum chloride together 
with thqcalculated amount of calcium hydride.** 

The electrolytic reduction of nitrobenzene to p-an 4 inophenol*is 
carried out in*90-91% sulphuric qcid using platinufh electrodes; 
a yield of 40-50% is claimed.** 

*• F. M. Rowe, J. Soc. Dyers and Ool„ 1921, 8J, 145 f J., 1921, 428a. 

*" O. Rudolph, Z. anal. Chem., 192^, 80, 839; 1921, 729a. 

” P. H. M.-P. Brijiton, F. M. Sohertz, W. G. Croolzett, and P. P. Merkel, 
J. Ind. Eng. Chem., 1921,18, 681i j J., 1921, 652a. • 

** S. Brown, Chem. Trade V., 1920, 67, 673 ; J.,*1921, 28a. 

“ C. Voegtlin, C. W. Hoeper, and J. M. Johnson, Hygier^ Lab., XJ.S, 
Public Health Series, Butt. 126, 1920, 7 ; J., 1921, 413a. 

“ D. A. Legg and M. A. Adam, E.P. 166,283; J., 1921, 619a. 

J. Niriire, Bull. Soc. Chim., 1921, 29, 217 ; J., 1921, 409a. 

^* A. 8. McDaniel, L. Schneider, and A. Ballard, Trans. Amer. Electro- 
chem. Soc., 1921, 319 j J., 1921, 410a. 



88 


RErORTR OP THE TIUIORESS OP APPLIED OHEMISTRV. 


The reauction of aromatic nitro compounds containing at least 
one substituent other thai^the nitro group, apd of nitroao or azo 
compounds, is effected rapidly by means of' cast-iron lioriiigR and 
an aqueous solution of a chloride.®’ . * ’ . * 

Aromatic azo-oompounds and pitro-comp()und.s have bebn reduced 
to amines by the action of a relatively l.arge aniounl of iron filings 
in presence of water and an amount of sulphur dioxide considerably 
less than would be required to generate' sufficient hydrosulphitc 
to effect the reduction ; for example, a total yield of p-aminophenol 
amounting to about 80% of the theoretical is obtained by reduction 
of p-nitrophenol, and 2.4-diaminophenol has been produced from 
dinitrophonol, o- and p-phenylencdiamines from the nitranilines, 
and anthranilic acid from o-nitrobenzoic acid.®* A similar method 
for the technical reduction of picric acid to picramic acid®® has 
been found preferable to the usual sulphide process ; picric acid 
cannot be reduced directly to triaminophenol with iifcn and hydro¬ 
chloric acid, but picramic acid is readily reduced by this process 
in a similar manner to that used for the production of 2.4-diamino- 
phenol hydrochloride,’" and tlic use of triaminoifii'.'nol for Sulphide 
Blacks, Nigrosines and azo dyes is suggesti'd.” 

The reduction of .symia.-trinitrobenzene to l-nitro-3.6-phenylcne- 
diamine instead of dinitroaniline in aqueous or dilute alcoholic 
solution by means of ammonium sulphide has been shown to be 
intimately connected with the formation of addition products of 
the si/mm.-trinitrobcnzene with 2 mols. of ammonia; similarly 
2.4.6-trinitrophenol gives 2.C-diamino-4-nitrophenol, and in 2.4- 
dinitrobenzoic acid the p-nitro group, which exerts the strongest 
action forrUirg abnormal salts, is reduced.’®-• Trinitrotoluene 
is reduced in acetic acid solution by means of iron aied hydrochloric 
acid to 6-nitro-2.4-diaminotoluene, which is extracted by means 
of benzene.’® Reduction by means of iron and hydrochloric acid 
to triaminotoluene is improved by using only a> sm;'!! quantity of 
hydrochloric acid, as in the technical reduction of nitrobenzene; 
tri^-minotolu^ne finds application as a dye for cotton, wool, and 
silk.’* , « 

Reduction of 2-chloro-4.6-dinitrotoluene with al®oholic stannous 
chloride gives C chloio-2.4-toluylcncdiarame, which jdelds azo- 

•’ T. S. Moore, E.P.T5,'>,139 ; 1921, 7.5a. 

•* T. S. Moo-X!, K.P. 19.5,838 ; J., 1921, &j3A. 

"• G.P. 289,454 ; ,/.,*■ 1915, 41,5. 

’» G.P, 209,542 ; J., 1914, 246. 

■ H. Pom'eranz, Cheni.-Znt., 1921, 45, 866 ; J., 1921, 68Ga. 

A. Korcssynski and S. Piasecki, Glum. Zenir., 1921, 92, I., 860; J., 
1921, 462a. ■ • 

• « E. Bielouss, E.P. 137,529 ; J., 1921, 538a. 

E Bielouss, E.P. 160,934 ; J., 1921, 088a! 
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and disazo-dcrivativos of tbc Chtysoidine scries,’‘ similar to those 
obtained from 2-cl)loro-4.5-toluylenedi5,n;jne.’“ 

Re(f«ction of hitrdbenzene in aqueous eniulsion by means of 
alkali slilphide gives a yield of 72 -74% of almost pure crj’stalline 
(8-phenylItydroxylamine.” The niethod has been extended to 
o-nitrotoluene and to a number of solid aromatic nitro-eompounds 
by dissolving or suspending in 11-2 times the Volume of benzene ; 
»»-dinitrobcnzenc and 2.4-dinitrotoluene give m&iidy the solid 
dinitro-azoxy compounds, m-nitroaniline and p-nitroaniline 
are reduced to the corresponding diamines ; the j>r(X!ess is not 
applicable to p-nitrophcnol.’“ 

h’ull details of process and plant for the jnoduction of diphenyl- 
amine in 90% yield have been given, usmg the zine and ammonium 
chlorides, method.’” 

It is of interest to note that the treatment of 2-chloro-4.5-dinitro- 
toluene with ammonia or primaiy amines, such as methylamine 
or aniline, leads to the replacement of the. b-nitro group, whereas 
the G-nitro group is replaced in 2-chloro-r>.G-dinitrotoluene.*“ 

Methyl derivatives of the xylidines and naphthylamines have 
been prepared by passing the vapour mixed w»;th methyl alcohol 
over alumina at 3G0°-380° C., when a mixture of methyl and 
dimethyl derivatives is obtainc.l."’ The catalyti'.! pre])aration of 
secondary amines is effected readily in good yield from Schiff's 
bases of the type RCH : NR', by suspending in the liquid finely- 
divided nickel and passing in a current of hydrogen. Attempts 
to alkylate secondary amines further by mixing in vapour form 
with methyl or ethyl alcohol and passing over alumina at 380°- 
400" C. failed, the molecule being decomposed ; thus benzylaniline 
and iiKithyl alc^diol^ave methyl- and dimcthylaniline and foluene.”” 

'J’hc formation of tertiary amines by the interaction of ethyl or 
-butyl alcohol with the hydrochlorides of aniline or the toluidincs 
is promoted by the addition of certain catalysts, e.g., cupric chloride, 
sodium bromide, and calcium chloride, and the use of a large excess 

(5. T. Morgan an<i L. A. tioiios, C/irf,t. S(h\ Trantt., 119, 1H7 ; 

1921, 210a. 

ahem. Sm-. Frans., lt)02, 81, 97. 

” A. Lupwo'th and L. K. I’earfion, Chem. Soi. ^Vah's., 1921, 119, 70.7 ; 
J., 1921, 538a. 

K. 1). Hawortli and A. Lapworth, Chem. Hoc. T,rarus., 1921, 119, 708 ; 
.7., 1921, .738a. < ' 

” A. Conlai'di, Giom. Ghiih. Itul. Appl., 1920, 1, 11 ; J., 1921, 194a. 

(3. T. Morgan and L. A. Jones, Clam. 8V/c. Tnin.s., 1921, 119, 387 ; 
J ; 1921, 210a. 

A. Mailhe and F. de Oodon, Comptes rend., 1920, 171, 1154 j J., 
1921, 40a. . 

A. Mailhe, Compter rend., 1921, 172, 280; J., 1921, 194a. tiee also 
BuU. Hoc. Chwn., 1921, 29, 100 ; J., 1921, 238a. 
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of the alcohol; o-toluidine is the least reactive, the other bases 
giving 80-90% of the theoretical yield ; two new amines have been 
prepared by this method, viz., di-»-butyl-o- and^'-m-toluiduKs.*’ 
Arylsulphonyl-1.4-naphthylenediamines and, arylenedisulphonyl- 
6i«-1.4-naphthyl«iediamines anej, their sulphonic acids have been 
prepared by reduction of the corresponding p-azo derivatives or 
their 2-, 6-, 7-, or S-sulphonic acids, using reducing agents which 
are not sufficiently acid or alkaline to effect the hydrolysis of the 
aiylsulphonyl groups ; for example, o-naphthylamino is condensed 
with p-toluenesulphonic chloride, the product dissolved in sodium 
hydroxide and treated with benzene-diazonium chloride, when 
sodium benzene-4-azo-toluene-p-sulphonyl-a-naphthylamine separ¬ 
ates, and is reduced as the free azo compound with zinc and 
ammonium chloride in,, aqueous alcoholic solution to toluene-p- 
sulphonyl-1.4-naphthylenediaminc.®* When the sulphonic group 
occupies position 4 or 5 in the original naphthylamine, 2-azo¬ 
compounds are obtained, which on reduction yield derivatives of 

I. 2-naphthylenediamine ; whereas the para (1.4) series give yellow 
diazo derivatives coupling to ‘form azo-compounds with phenols 
etc., the ortho ( 1.25 series yield non-coupling ortAo-diazoimides.®‘ 

Tetrasubstituted ureas are produced by passing carbonyl chloride 
into a solution of a secondary aromatic amine in a suitable inert 
solvent, e.g., monomethylaniline gives dimethyldiphcnylurea.** 
Attention may be directect to the treatment of aniline poisoning 
and preventive measures ; the importance of providing satisfactory 
facilities for rapid treatment appears to be weU recognised, and is 
essential if satisfactory labour is to be available in the industry.*’ 

' Ilalogenation. ■ * 

Toluene, its homologues, and its side-chain substitution products, 
may be halogenated in presence of an alkali carbonate.*® • 

The replacement of sulphonic acid groups by chlorjne or bromine 
occurs generally and may take place with iodine under, special 
conditions ; study of the effect of the presence of other substituents 
has been made.*® • . • 

®* A. J. Hilf and J. J. Donfeavy, J. Ind. Eng. Chem., f921, 18, 504 ; J., 
1921, 686a. 

** G. T. Morgan, ajid The Im|^rial Trust for the Encouragement of 
Scientific and Industrial Research, E.F. 160,583 ; J., 1*921, 3S1a. 

G. T. Morgan and W. R. Grist, Ckem. Soc. ^rans.t 19^1, 119, 602 ; 

J. , 1921, 464a. ‘ 

E. I. dji Font de Nemours and Co., A.,P. Tanberg, and H. Winkel, 
’e.P. 144,681 ; J ., 1921, 628a. 

« J. Ind. Hyg., June, 1921; J., 1921, 275 r. 

•8 C. C. Loomis, and Semet Solvay Co., U.S.P.l,384,909; J.,* 1921, 6f3A. 

** R. L. Datta and J. C. Bhoumik, J. Amer. Ckem. Soc., 1921,^, 303; 
J.. 1P21. 278a. 
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Details have been published of the preparation of chloropicrin 
by tljo action of ^chlorine on a cooled iqveous suspenlilon of sodium 
picral^ and fjini’ar compounds in presence of sodium carbonate. ““ 

• Omhition. 

A valuable summary of the recent work on the catalytic oxidation 
of hydrocarbons, alcohols, and carbon monoxide, using oxides of 
metals of the fifth and sixth groups of the Periodic Classification, 
has recently appeared.** The importances of temperature control 
and the form or state of the catalyst is emishasisod. Suitable 
methods for obtaining temperature conti'ol in the oxidation of 
benzene to maleic acid in presence of vanadium oxide, have been 
described.*** The position with regard tp the patents on the air 
oxidation of naphthalene to phthalic anhydride may be complicated 
by the publication under the Peace Treaty of a patent with an 
earlier Convention date, claiming “ a suitable catatyst,” and specifi¬ 
cally vanadic acid at 320°-330'’ C.®** 

The use of vanadyl chloride has been claimed as a catalyst in 
the air oxidation of naphthalene, o- or y8,methylnaphthalene, 
tetrahydronaphthalene, a-naphthol, or o-xylenc to phthalic acid 
or anhydride.®* 

Oxidation of o-cresol in the vapour phase with a gas containing 
oxygen, in presence of a m'etallic oriidc as catalyst, yields salicyl 
aldehyde and salicylic acid.*® 

Phthalic anhydride has been obtained by melting a-nitronaphtha- 
lene with concentrated or fuming sulphuric acid at 150°-160°C., 
adding a reducing metal, such as iron boringSi-or zinc dust, and 
subsequently-distijling off uniler reduced pressure at about 300° C.®® 

Over 80% yield of quinone has been obtained by the electrolytic 
oxidation of benzene.®* Electrolytic oxidation of naphthalene in 
acid solution (mixtures of sulphuric acid and acetone or acetic 
acid), using a lead peroxide or platinum anode, gives a-naphtho- 
quinone together with phthalic anliydride and dark-bsown 
resinous substance, containing a-naphthol and & compound of 
a-naphthol and naphthoquinone; as oxygen-carriers, cerium nitrate, 

'» K. .T. P. Orton and P. V. McKio, C/im. Aoc. Tram., 1921,119, 29. 

“ J.i 1921, 307r. 

“® The Barrett Oo., E.P. 107,219 ; J., 1921, 717a. 

“® A. \Vohl, E.P 145,07f; J., 1921, 341a. 

®* British Dyestuffs Col'p., Ltd., A. G. Green, and J. W. Porter, E.P. 
104,785 ; J., 1921, 561a. 

•® J. M. Weiss, C. B. Downs, and The Barrett Co., TJ.S.P. 1,380,277 ; 
J; 1921, SOU. 

. •• H. Sasa, E.P. 140,051; J., 1921, 463a. 

** H. Inoue and M. 8hikata, J. Ohem. Ind. Japan, 1921, 24, 607; J., 
1921, 662a. 
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vanadic acid, potassium chlorate' and ichromato;' manganous sul¬ 
phate, potassium ferrocypn)tle, and chrome alum were effective 
in the order given.’* ' ' t 

The oxidation of carhazole by means of iicimjanganatc in'boiling 
acetone solution, yields two (jrystalline isomeric .didarbazyls, 
C« 4 H,oN 2 , and an araoq)houa substance; the three substances 
differ from earbazole in that they do not form incrates.” 

Hydrogenated, NagdUhalene Derivatives. 

The methwls of forra.ation of A‘-dihydronaphthalene have 
been investigated. Isomerisation of the A*- to the A'-iso- 
meride under the influence of alcoholic sodium cthoxide occurs 
with greater reailincss than was previously supposed. Whereas 
the former yields an additive compound with mercuric .acetate, 
the latter is oxidised by this reagent, which does not react with 
naphthalene or its tetrahydro-derivative.*” 

Technical naphthalene is purified before hydrogenation by 
•agitation above 100'’ with a finely powdered or porous material, 
such as fuller's earth, kieselguhr,' or animal cliarcoal, together with 
either a finely-dividid or low-melting metal, e.g., nickel or sodium, 
or with a metallic amide or carbide, e.g., sodamide or calcium 
carbide ; the product is then distilled under reduced pressure 
On heating purified naphthalene under a pressure of 10 atm. to 
150°-200° C. with sufficient kydrogen'; the desired hydrogenated 
product is produced, no decahydronaphthaleno being formed until 
all the naphthalene has been reduced to tetrahydrona})hthalene.'"* 
Similar methods have been used for the preparation of hexahydro- 
benzene from heitzene containing thiophen and for, the hydro¬ 
genation Of crude methylnaphthalcilc.“” « 

Tetrahydronaphthalenc is jirepared by passing a mixt'urb of 
naphthalene vapour and hydrogen at the ordinary pressure over a 
mixture of nickel and copper oxides, manganese oxidj; akme or in 
admixture with nickel and coppiT oxides, or an oxide of the rare 
earths, e.g., thyria or ceria, alone or mixed with one or more'of the 
previously mentioned oxides.''"* . 

The mixture of 1- and 2-tetrahydronaphthalenesnlphonyl chlor¬ 
ides, obtained ‘by ■l^he action of chlorosulphonic acid on tedrahydro- 

’» K. Ono, J. Chem. Spc. Japan, 1^31, 42, 38 ; J., 1921, 2.'>3a. 

“ W. H. rerkin, juw., and S. H. Tucker, Chim. Soa, Tram., 1921, 119, 
216 ; J., 1921, 209a. ‘ 

F. Straus and L. Ileinmel, Ber., 1921, 6t, 25 ; 'j., 1921,* 142 a. Sec 
also F. M. Rowe, J., 1921, ,58t. 

• “1 Tetralin fl.m.b.H., G.P. 324,862-3 ; J., 1921, 2.53a. 

'»* Tetralin G.m.b.H., 0.1'. 324,861; J., 1921, 253a. 

Tetralin a.m.b.H., G.P. 365,104 ; J., 1921, 687a. 

■ '»* A.-G. fiir Amlinfabr., G.P. 298,541, 298,553, and 301,275 ; J., 192'l, 
294a. , 



COLOURmO MATTERS AND DTBS. 


93 


naphthalene at ailow temjjpratufe, is hydrolysed by stettm, and the 
1-isomeride siiparated by its lower solubility in chloroform ; the 
suli)honainides, ’anilides, and sulphinic acids have also been 
prcparl'd.**® * ’ ^ 

Derivatives of tetrahydronaphthalene have ..been nitrated as 
previously describedto prevent oxidation and rcsinification.*'" 
The reduction products of the nitrotetrahydronajhthalcnes are not 
only the oorres))onding amines, but intermediate products have 
also been obtained, such as hydroxylamines, which undergo the 
usual intramolecular convci’sion, azoxy-, azo-, and hydrazo- 
e.ompounds, of which the last-named undergo the benzidine 
transformation,*“* 

On treating ac-a/S-dibromotetetrahydronaphthalene"” with water, 
alcohols, or acids, with or without addition of inactive solvents, the 
a-bromine atom is replaced by —OR or'—0,00,R (R=hydrogen 
or alkyl group), whilst the ^-bromine atom remains in the 
molecule,"" 

nr-a-Tetrahydronaphthalenecarboxylic acid is prepared by the 
aet ioft of dry carboinftoxide on drj'^odiumar-a-tetrahydronaphthol- 
ate,; on coupling with diazotised nitranilines ,or their derivatives, 
it yields azo dyes fast to light and milling,"' 

Intermediates of the Anthracene Series. 

The jmrifieation of anthrR,([uinone is eilected by agitating a hot 
solution of (iiude anthra(juinone in a neutral solvent, such as 
(hloiobenzene or solvent naphtha, with a purifying agent, such as 
an alkali or alkaline-earth oxide or carbonate or sulphuric acid ; 
the anthraquinone solution is sejiaratcd, and the‘solvent removed 
by steam distillatjin,"" * ‘• 

Iky fcondensing anthranol or its substitution products with form- 
ald^'hyde in alkaline or acid solution, with the exception of 
concentrated siiljihuric acid, but including’sjiccitically a mixture 
of glacial ac(^tic acid and concentrated hydnahlorie aeid, methylenc- 
anthrtwiuinonc and its substitution products are obtained, w'bich 
serve as intermediates in the manufaOftnre of vat dy«s,"“ 

The dinitroanthraquinoncs Obtained by direct nitration of 
unthraquinone have been investigated by reduction land conversion 
of the mixed diamino-derivatives into dih'ydroxy-compounds, 

Tetralin G.m,b,H„ G,1', 3;)6,6'lu ; J., 1921, 575a. 

G.P. 299,014; J., IMO, 174a. 

Tetealin G.ml-o.H., UP- 326,486 ; J., 1920, 174a. 

>»* Tetralin G.m.b.H., G.P. 337,157 ; J., 1921, 341a. 

>"» G.P. 316,218 ; J., 1920, 36Ua. 

"" Tetralin G.m.b.H., G.P. 335,477 ; J., 1921, 503a. 

Farbenfabr. verm. F. Bayer und Co., G.P. 335,602 ; J., 1921, 603a. 

' Kinzlbergor u. Co., E.P. 143,885; J., 1921, 5a. 

K. H. Meyer, G.P. 330,550 ; J., 1921, 254a. 
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which were’separated into the 2.6-, 1.8-, 1,6-, 1.7-, and 2.7-isomerides. 
From the results it was calculated that 37% of both 1.6- and 
1.8-dinitroanthraquinone is obtained together i/ith smaller amounts 
of the other isomerides. The presence of the 1.2- and 1.3-dinitro- 
compounds mentioned by Dhar“* is controverted."' 

An attempt has been made to oetermine the role played by mer¬ 
cury in the o-sulphonation of iinthraquinone, the products in 
absence of mercury being /8-sulphonic acids; it is stated that in 
either case the fir^ product is the a-aoid, but that at the higher 
temperature required in the absence of mercury the velocity of 
transformation of the a-acid into the ^-acid is as great as the 
velocity of sulphonation; in the presence of mercury but at the 
higher temperature, the product is also the ^-acid, and a higher 
yield is claimed."® (Note.—In abstracting this paper for the 
American Chemical Absrracts, the abstractor correctly adds a 
warning that the solubilities of the sodium salts of the o- and 
/S-acids have been confused, and the above statements should be 
accepted with much reserve in view of the complicated reactions 
which occur on sulphonation of uithraquinon„.) 

Nitration of l-hydroxyanthraquinonc with nitric acid (sp. gr. 
1'52) in sulphuric acid solution yields the 2.4-dinitro-oompound.‘" 
Nitro-derivatives of /S-aaides of the anthraquinonc series are 
obtained by direct nitration, the nitro-group entering the a-position 
adjacent to the /9-azido group ; on refaction by means of sodium 
sulphide, l-nitro-2-azidoanthraquinonc, for example, gives 1.2- 
diaminoanthraquinone."® 

1.3-Diaminoanthraquinone has been prepared by heating with 
96% sulphuric acid 1.3-anthraquinone-ditolylsulphamide, obtained 
by heating 1.3-diuromoanthraquinonc with p-tolylsmphamide in 
nitrobenzene solution in presence of potassium carbonate and 
copper powder. The 1.6- and 1.7-isomeridcs wore prepared by 
heating the corresponding nitrosulphonic acids"* w'.th ammonia 
under pressure."® 

The elimination of halogen on the reduction of p-halogimated 
nitroanthraquiidoncs has boon noted; thus 1.4-nitrobromoanthra- 
quinone gives on reduction a-aminoanthraquinone."‘ 

"* Chem. Sa^. Trans., 1920, 117, 1001 ; J., 1920, 68.5a. 

"® M. Battegay and J. Claudin, Ball. Soc. Ind. Mvlkousr, 1920, 86, 628 j 
J., 1921, 340a. 

"® A. Roux and J. Idartinet, Comptes rend., 1921, 172, 385 ; J., 1921, 
209a. 

F. Ullmann, O.P. 332,863 ; J., 1921, 381-. 

"» Farbenfabr. vorm. F. Bayer u. Co., G.P. 337,734 ; J., 1921, 620A. 

"• Clauas, Ser., 1882, 16, 1614. a 

"® M. Battegay and J. Claudin, BuU. Soc. Ind. Mulhouse, 1921, 87, 71 ; 
/., 1921.462a. 

' “ M. Battegay and J. Claudin, BnU. Soc, Ind, Mulhouse, 1920, 86, 632 ; 

J., 1921, 340a. 
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The dibromoanithraquincipe tiiJed by Graebe and Ltebermann 
in their classical synthesis of alizarin hp been shown pot to be the 
1.2-dorrrative, as?tatf been assumed ; th’e two products they are 
stated TO have'usefl are not identical, direct bromination of anthra- 
quinone at 100° gi^g the 2.7-isomeride, wheijeas oxidation of 
tetrabromoanthracene gives maiifly the 2.3-isomeride. 

A patent of a distinctly novel character discloses an interesting 
isomerisation in the anthraquinone series. It was already known“* 
that a-bromo-aminoanthraquinones may bo converted by heating 
in presence of a suitable medium into /3-bromo derivatives in cases 
where a /S-position is vacant in the orfAo-position with respect to 
the amino group. It has now been found that, on heating a-halogen 
derivatives of anthraquinone with concentrated sulphuric acid at 
about 200° 0., /9-halogen derivatives are produced ; for example, 
l-chloroanthraquinone gives 2-chloroanthHquinone, and 1.5-di- 
chloroanthraquinone gives 2.6-dichloroanthraqumone. A further 
example states that 1.6-dichloroanthraquinone gives 3.6-dichloro- 
anthraquinone (usually known as 2.7-diohloroanthraquinone). It , 
foUows^hat a mefa- aninot an oriAo*isomerisation is under consider¬ 
ation.'*’ The yields are not quantitative, and ascertain amount of 
free chlorine is always noticeable during the isomerisation. The 
latter might indicate an actuql ^igratkm of the chlorine atom, 
although in that case an almost quantitative yield would be antici¬ 
pated. An alternative explanation could be based on the splitting 
of one of the CO-groups adjacent to the a-halogen, to give an 
intermediate halogenated benzoylbenzoic acid, followed by conden¬ 
sation to give the /9-halogen derivative, in the same manner that 
o-chlorobenzylbenzoic acid gives /9-chloroanthraquinone. Such 
an explanation scaro^ seems feasible to explain the dire<4i conver¬ 
sion (i ao-dihalogen-nompounds into /9/8-dihalogen-anthraquinone8. 

The replacement of a hydroxyl group in anthraquinone derivatives 
by elSorine has been effected by treatment with aiylsulphochlorides 
in presence df acid-combining substances ; for example, using 
potash,* l-chloro-2.4-dinitroanthraquinone is obtained from 2^4- 
dinitro-l-hydroxyanthraquinone, whereas, using (jliothylaniline, 
a good yield of 1.2-dichloro-4-nittoanthraquinone is obtained.*** 
Benzanthrone is purified by dissolving in hot halogepated deriva¬ 
tives of aromatic hydrocarbons, separating the insoluble impurities, 
and allowing the solution to cool.U’ 

Semiazoanthraqifinones «r their derivatives are ^formed by the 
action of ttromine'^n a-«,minoanthraquinoae or its derivatives 

"* G.P. 276,299; J., 1914, 783. 

P. W. Ataok and G. W. aough, E.P. 109,732 ; J., 1921, 840a. 

F. inimann, G.P. 332,863; V., 1921, 38U. 

4“ L. C. Daniels, and National Aniline and Chemical Co., V.S.P. 1,366,024 i 
•>; 1921, 142a. 
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in presence of alkali; for examJJe, tbe action of hypobromitc on 
finely •divide'! 1.5-diaminoapthraquinono gives l.S-disemiazoanthra- 
quinono. On dissolving in sulphuric acid, th6 coAesponding amino- 
hydroxy-compounds are obtained ; thus 1.6-disemfazoanthraquin- 
one gives 1 .r)-diamino-4,8-dihydroxyanthraquinono, but in case 
the p-position is occupied, the hydroxyl group enters the o-position 
with respect to the amino-group.’^® 

Anthraquincnylbenzohydroazines of the formula, 




/C()\ 


/NRv 


similar to the products described in G.P. 32i),246’" are produced 
by heating l-halogen-anthraquinones or derivatives containing a 
reactive substituent in o-])osition to the halogen atom, with o-amino- 
diarylamincs or their nuclear substitution products, alone or in an 
inert solvent or suspension medium, and with or without addition 
of catalysts and substances capable of combining with acids. 
1-Chloro-, 1.2-dichloro-, and l-bromo-2-mcthoxyanthraquinone, 
give with o-aminodiphenylamine the same product, (ijjItiaOaNj, 
whereas 1.5- or .1.8-diohloroanthraquinone gives isomeric hiono- 
chloro-dcrivatives of this substance ; both chlorine atoms are 
replaced in the case of 1.4-dichIoroanthraquinone.'®* Identical 
products are obtained by condensing primary aromatic amines by 
means of caustic potash with arylr.minoanthraqmnones, or their 
nuclear substitution products, containing a reactive substituent 
in the ori/m-position to the imino-group.”® 


Condmsalims. 

’ r» * ' 

A process for the manufacture of phthaleins is claimed using an 
anhydrous aromatic sulphonic acid, with or without zinc chloride, 
as condensing agent; the product from phthalic anhjrdride, phenol, 
and tolucncsulphonio acid, with or without anhydrous zinc chloride, 
is stated to be particularly free from tarry by-products a^id from 
(Mi'fco-condeqsation products.”” An improved yield of phenol- 
phthalein—^up to 40% cf the theoretical—is obtained by using 
anhydrous aluminium chloride as catalyst, phenol being present in 
slight excess ; fefric chloride w'as not so satisfactory. The method 
described by M. Copisarow”’ is considered to be more efficient 
and economical.’”” , 

Farbonlabr. vonn. F. Bayer u. Co., G P. 335,ol0 ; J., i92t, 465 a. 

E.P. 3347 and 100,581 of 1915 ; J., 1916, 831. 

Badiselie Anilin- u. Soda-Fabrik, G.P. 329,247 ; J., 1921, 429a. 

Badische Anilin- n. Soda-Fabrik, G.P. 332,013 ; J., 1921, 429a. 

Monsanto Chemical Works, E.P. 157,030 ; J., 1921, 174a. 

’”’ J., 1920, 380a. 

C. F. Waid, C/icm. Hoc. Tram., 1921, 119, 850 ; J., 1921, 638a. 
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Condensation o( aromatic al(Jehydcs or ketones, containing 
an amino group .in the o-positiorif with metha'konic acid, 
NOH ; r^NtiOft, ydelds 3-nitroquinoIine or its derivatives ; 

thus o-aminobenzald(jhyde gives 3-nitroquinoline, isatin gives a 
mixture o£'3-iyti'o-4-quinolineearboj:ylic acid and (fit-isatinoximed^ 

Aromatic triazolcs (pscudoazimides) are obtained by treatment 
of o-auiinoazo dyestuffs, paiticularly those containing additional 
amino or hydroxyl groups, with ammoniaoal solutions of copper 
and are to be. used as intermediates.'^* 

The syntliests of alkylaryJinethanes by the (ajndensation of 
ketoties with ])lionols has i)een investigated, and yields over 90‘)i 
obtained by using hydrochloric acid containir)g a small amount of 
ferric chloride as (iatalyst.""' 

CoLOUBINO MaTTKES.* 

The determination of the constitution of dyes from their absor])- 
tion .S 2 )ectra Inw been further investigated by F. Kehrmami and 
his co-\vorkers.‘” It is considered possible to exjmess the constitu¬ 
tion of the majority of*dyc salts oflly by means of the (juinoid 
formula, and that this formulation is the most tatisfaetory until 
Werner’s and the quinonoid theory have been broucht into better 
harmony.""' 

Croujis similar in behaviour to auxochromes which exhibit 
i'i( ieas(Kl auxochromic character due ,to containing true auxo¬ 
chromes, have, been termed c,oinbined auxochromes ; the diinethoxy- 
styryl grouj) has been examined, using the p-nitro])henyl residue 
as chromogen, and is regarded as a new auxochromic unit; com¬ 
bined auxochremes are also able to facilitate lluo8[‘3Cence.""' 

* * I 

Dyes. 

I'lie ^use of aromatic acylamines as azo eonqionents has been 
investigated, and the auxochromic i)ower of the groiq)s was found 
to diminish in the order : 

- OM. -NH.SO.;.rjlf i.t'tt,, _NH.CO.CeH 5 , -NH.CO.Cy,; 
diazoti.sed p-niVaniline ooujdes with p-tcduonesulphoiT-a- and 
n;q)hthylamidea to give comi>ounds of the tyqrc 
O : N.(.’eH,.N : N.C„H,-N : S (: Oj.CeHj.CH, 

O . . . Na . . . (')• 

Badiscfio Anilin-*u. Soda-Jfabrik, (J.J*. 39.5,197 ; J., 19>H, t()3A. 

Kalle u.q:o., O.P.^t38,92%; J., 1921, 7t9A. * 

A. Muller, Ghem.-Zeit., 1921, 45, «32 ; ./., 1921, .')73a. 

^ F, Kahrmimn and H. Onldstoi!!, Hriv, Chim. Acta, 1921, 4, 2(1; J., 

■'21. 1/4a. F. Kohrmann and M. .Sandoz. ilrtd, 31; J., 1921, 174a. 

F. Kohrmann, ibid., 1921, 4, r)27 ; J., 1921, 539a. 

‘“•H. Kauffmaim, Ber., 1921, 64, 79.5 ; J., 1921, 341a. 

W. KOnig and K. Kohler, Bcr., 1921, 54, 981 ; J., 1921, 428a. 
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and as the reaction does not ocoir with the corresponding mcthyl- 
naphthylamhles, it is considered that the naphthylsulphonamide 
couples in its enolic form' C,„H,.N : S (: 0) (Oa)-C,H 4 ' CH 3 . Carb- 
oxyamides only couple very slowly with diazotised 7 >-nitra!>iiline.““ 
A number of. azo dyes derived from diazotised 6 ' 7 iitro-m- 4 - 
xylidine have been described; resorcinol yields a dye giving full 
orange shades on chromed wool, and deep yellow shades arc produced 
in case salicylivi acid is used.'*' 

Azo dyes are obtained by coupling diazotised aminocymene 
either with an aromatic hydroxy-c^ompound in alkaline solution, 
or with an aromatic amine of tlu^ benz(>nc or nay)hthalene series 
or with an aminosuljdionic acid in acid solution ; yS-naphthol gives 
a bright orange-red dye, and cyinene-azo-toluylenediamine is a 
yellow-brown dye.’*^ ^i^imilarly dyes are jjroduced from tetrazo- 
tised dimetbyldi-isopropylbenzidine,'*" obtained by the benzidine 
transformation from hydrazocymene, produced by alkaline reduc¬ 
tion of crude raononitrocymene.*** 

Blue shades fast to light and milling on wool from an acid bath 
are given by the azo dyes produced by coupling a diazo-compound 
of l-amino-4-nitiebenzenc-2-sulphonamide, in which one or both 
hydrogen atoms of the aminn-group are substituted by alkyl, 
aryl, or alkaryb groups, in acid solution with a 2 -naphthylamine 
sulphonie acid or a derivative thereof, or a 2 -amino- 8 -naphthol- 
sulphonic acid; the nitro-grouj) in these dyes may be reduced by 
hydrosulphite, when the products dye wool from an acid bath level 
bluish shades fast to milling and light.'*" 

Azo dyes, giving orange to bordeaux shades on wool, and yellow 
to bordeaux slK'<dcs on chromed wool, are obtained by coupling a 
diazo-aryl-sulphonic or -carboxjdic^acid, which may or may not 
contain a hydroxyl group, or a substitution derivative thei'cof, 
with 8 -hydroxyquinoline, or its 5-sulphonic acid.**® i 

5-Aminodihydroquininc and the corresponding derivatives of 
other cinchona alkaloids couple with diazotised amines to give azo 
ifyes containing a remarkfibly labile amino group, apparently in 
part a function of the quinoline nucleus, as .'i^aminoquinoline 
behaves in a similar manner ; the presence of a imthoxy or ethoxy 
group in position 6 facilitates the replacement of the amino group.'*’ 

S. A. Poarman, Chem. Soc. krans.^ 11*21, 119, 717 ; J., 1021, 464a. 

C. E. Apdrows and The Soldon Co. U.S.P. ^,.‘114,921-2; J., 1921, 
294 a . if i. 

' C. E.AndrowsandThe SelderiCo., U.B.P. 1,314,925-6 ; .7., 1921, 294a. 

“-i C. E. Andrews and The Selden Co., Ut«.P. 1,314,924 ; J., 1921, 323a, 
i4fi jparbonfabr, vorm. F. Bayer u. Co., E.P. 164,218 ; 1921, 504a. 

■ ”8 Akt..Ges. f. Anilin-Fubr., E.P. 166,033 ; J„ 1921, 619a. 

W. A. Jacobs and M. Hcidellwrgcr, Aimr. Ohvm^ #Soc., 1920, 42, 
2278; J., 1921,'ObA. 
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A moiioazo dya, giving l)lniKh*-rod Hhades on wool and silk, is 
obtained by coupling diazotised / 3 -naplitl^ylainine-l-salphonic acid 
in alkaline solutiob wfth H-acid.’'’* 

Azo ayes, gVing ^orange-red to blackish-violet shades fast to 
light and to yashing on wool fron^ an acid hath,.are produced on 
coupling diazotised monoacidyldiaminiKliarylsulphones, especially 
the 2 . 5 - and 2 . 4 -oonipounds, with 2 -aniinoriaphthalene derivatives, 
e.specially 2-aininonaphthaienesul])honic acids and 2-iBninonaphthol- 
sulphonic acids.'** 

o-Aminoazo dyes are obtained by eou])ling with diazotised amines 
or tetrazotised diamines the jiioduets torined by coupling 1.8- 
aminonaphthol-4.6-disul2)honic acid in acid .solution with diazotised 
0 - or p-amino.salicylic acid, sul])hoaminosalicylic acids, nitroamino- 
.salicylic ^ids, or amino-o- or amino-wt-cresotic acids."'* 
o-Hydroxyazo dyes are jwodueed by coupling a diazotised o- 
iiminophenol derivative containing one or more halogen atoms or 
nitro groups, or both, or a homologous c.om])ound, with an alkaline 
solution of 8 -halogeno-a-na])hthol- 5 -sul)>honic a<dd, giving mordant 
dyes fof wool, of whieh*the chromiifln lakes j)ossess good fastness ; 
for examj)le, 4 -chloro- 2 -aminoi)henol yields a dy,» giving dark-hlue 
shades on chrome-mordanted wool, whereas the corre.sponding 
4 -nitro-comj)ound gives a dye 2>l'odue.ing bbrdeaux.sltades on wool 
from an acid bath which become black on chroming."" 

The o-hydroxyazo dye.s, obthined loj coupling o-hydroxydiazo- 
arvlsulphonic acids with r).H-dichloro-l-hydroxyna2)hthalcne, dye 
wool from an acid bath, and when afterchromed or dyed and 
ehi'omcd in a single bath, produce reddish-blue, blue, or black 
shadc.s fast to light and milling.*** Similar dyjs, particularly 
adajited for dyeing w^l in presHice of mordants in the saifie bath, 
are jiriadsced by cou2)ling an o-hydroxydiazo-compound which is 
not sul2)honated, such as iliazotised 4-nitro-2-amino2Jhenol, with 
l-o-earboxybenaoylamino- 7 -naphthol ; intense’ dyes result which 
dye wool in prdhcnce of chrondum mordants dark greenish shades 
of excellent fastness to milling.'** 

Hydroxyazo dyes, giving brown shadfs,on animal fibres in con¬ 
junction with metallic mordants, are 2>roduced by cou2ding diazo¬ 
tised o-aminophenols, o-ammona])hthols, or their nitrof sulphonic, 
or carboxyl derivatives with 4 .()-diainino- 1 . 3 -xylenc.'** 

'** A. J. Field, U.S.F. 1,383,711 ; J* 1921, 620.4.* , 

'*" (1. deMontmollm,and Sc*, of Chem. Ind. in Basle, t*.ii.P. 1,350,900; 
1921, 404a. o 

C. Rudoljjh, O.P. 298,852 ; J., 1921, 404a. 

Akt.-Oos. f. Anilin-Fabr.* E.P. 108,081 ; J., 1921, 731a. 

Akt.-Ges. f. Anilin-Fabr., E.P. 145,053 ; J., 1921, 019a, 

“* Akt.-qea. t. Anilin-Fabr., E.P. 145,057 ; J., 1921, 019a. 

(1, T. Morgan and British Dyestuffs Corn., Ltd., E.P. 100,848; J., 
1921, 341a. 
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1.8-Dihydroxyniiplitlialcno has hccn prqiarccf by heating 1.8- 
dihydroxynaj)hthalcnc- 4 -iul|)honic acid with s'llphuric acid and 
wati'T at I.’)0°0. ; on coupling with an equimolecular quaetity of 
benzenediazoniuni chloride }m‘ferably in hydr(Fdiloric acid solution, 
4 -benzfmeazo- 1 .8-'dihydroxyna))h.ihalene is jiroduccd. wheA'as excess 
of diazo-compound in acetic acid solution gives 4 .b-dibenzcneazo- 

I . 8-dihydrnxynaphthaleiies. 4-p-Sul))hoben7.eneazo-1.8-dihydroxy- 
na])hthalene dyes unmordauted wool a dark cherry red, giving paler 
shades on alinuinium-niordanted wool and dark-brown .shades on 
chronie-inordant 

l)iazo-azo-hydroxy compounds are obtaiiu'd by eondiining a 
diazohydroxyna]ih 1 halene, for exanqile l-diazo-.o (or 7 )-hydroxy- 
naphthalene or 2-diazo-8-hydroxy-(i (or .‘!.(i-di)-sul])honic acid with 
a higbly reactive luonodjazo (ainqiound such as yMiitrodiazi'bcnzene; 
the ])roducts couple, c;/., xiith m-toluylcncdiaminc, 1-ainino- 
na])hthidene-(i ( 7 )-sul]ihonic acid, or l-aniino-8-hy<lroxyiia])hiha- 
lene- 4 -sul])honic acid, to yickl dark blue to bhu'k substanlive 
cotton dycs.‘“ ^ 

Readily’ soluble azo dyes are produced by tbe action of fornialde- 
hyde-hisulphite of. diazotisabic azo dyes containing at least one 
external amino-group ; altcrnakively aromatic diazo comjmunds 
arc coupled with azo couqioncnts c.mtaining an external N-mctbyl- 
cu-sulpho grou]), e.ij., fi'om a tetrazotised diamine, such as il.:!'- 
dianiino- 4 . 4 '-dimethyldi]iheiiylmethaue, and thi' ’ ki-methyl-to- 
sulpho deriviitive of 2 -amino-. 5 -ln'droxynapbthalene- 7 -sul])honic 
acid. The products give yellovi’ to claret shades on cotton, which 
become extraordinarily fast to washing when diazotised on the fibre 
and developi'd vith a non-suljihouated azo comjRinent.''’' 

Disazo dyes whicb are direct ackfdyiw for eotton,or wool, giving 
pink to red shades, or may be after-chromed on wool, giving red 
shades fast to milling, are obtained by combining p-disazoliepzene- 
azo-salicylic acid witb a 2-na])htln lamineHul])honic acid, such as 
2 -naphthylamine-, 5 - or -O-mono- or -.‘kti-disulphonic aeid.'''“ 
cDisazo dyes, giving on cotton, wool, silk, and other fibres blue, 
shades which can be developed to blue-black to grqen shades, are 
produced by diazotising and coupling with 2.8.0-aminonaphthol- 
sulphonic acid fhe product formed by coupling l-diazo- 4 -nitro- 
naphthalene-(i (or 7 )-monosulj)honic acid with »n-amino-p-cresol 
methyl ether followed by reducdon of the nitro-group.''’* 

(x. Hellffi-and H. Krotzschmann, J., I!)21,428a. 

O. Muller, tl.P. 3.'i0,8;i2 ; ,/., 1!»21. 42t»A. '' 

I” H. tVitzsehe and Sue. of Chem. Ind. qi Basle, U.S.P. 1,302,930 ; ./., 
1921, 4B4a. 

Bfotherton ami Oo. and K. W, Morriman, K.P. 155,410; J., 1921, 
75 a. ,1 

160 W.M. Ralph and National Aniline and Chemical Co., U.8.P. l,;nit979 ; 

J. .C921. 294a, 7:11a. < 
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Disazo dy(« afc obtained by coupling 1 mol. of 5.5'-dibydroxy- 
2.2'-dinai)hthylaiiune-7.7'-disuli)honictacid with 1 flr 2 niok. of 
diazo-^ompou^ids^ of* amines containing a sulphonio or carboxyl 
group in the o-i)osit.ion, e.f/., anthranilic acid or 4-chloro-2-amino- 
bcnzoio ^oiit or with 1 mol. of tjiesc diazo compounds and 1 mol. 
of a suitable diazo-compound ; the jiroducta giv(^ on cotton pure 
red, bluish nsd to l>lue shades fast to ironing, after-treatment with 
copper salts giving l)lui.sh-red to violet shades fast to ironing and 
to light.'™ 

])i.sazo dyes, giving A'ivid s<^ariet slnules fast to light, washing, 
and fulling from an acid bath on nool, an' produced by coupling 
liCtrazotised 4.4'-diaminobeuz()])henone with 1 mol. of y8-iiaphthyl- 
aniine-3.(i-disul](honi(^ a(!id and 1 mol. of /9-na])hthol."" Similar 
■sliadesaxc obtained by using 2 mols. of 2.0-.or 2.7-na])htholsulphonic 
acid.'™ 

Di.sazo dyes giving on wool in an acid bath scarlet shades fast 
(o nasbing, milling, and light, are ju-oduccd by combining tetrazo- 
t i.sed 4j4'-diaminobenz8phenon(' n it^i 1 mol. of /i-naphthol and 1 mol. ’ 
of a naphth()ldisul]>honi(! acid.'™ 

Tlirect trisazo dyes for cotton, giving greenish-blue shades fast 
fi> light and on after-ti'eatment with fornvddehyde. fast to washing, 
are obtained by (;ou])ling diazaitised l-monoae,i<lJ'htmino-4-amino- 
iiaphthalene-0- or 7-sulph()ni( acid with l-aminonaphthalene-O- or 
7-sulphonic acid, diazoti.sing the ]irodilet, coujding with /3-naphthol 
or 2.7-dihydroxyna])htljalcne, hydrolysing the aeidyl group, and 
linally diazotising and eonjiling nith resorcinol.'®' 

A novel metluHl for the pioduction of azo dyes in substance is 
< iaimed to gi\*eImproved I'esulfts in respect to purfty, strfjpgth.and 
'lej)fli(il' colour, the'amine being diazotised m presence of a starch 
paste.'®® 

PujiiH'iil Am Dyea. 

An aflcali salt of the dye obtained by^ coupling diaz(>tised p-nitfo- 
" toluidiue with 2-naphthol-Ii.(i-di.sulj)ticiiio acid is cfmvertcd into 
an insoluble scarlet barium lake, which is fast to light.'®® 
f)(airlet lakes of remarkable, fiistncss to light, muci! su])crior to 
■■‘imilar colours of tlu^ Ponceau class, are obtained by combining 
'"-xylidinesulphonig acid (PH j * CH.,: NH*. ^SOsH^l :3:4:5) 

• . 

ParlH-iifabr. vnSn. F. ttoyer u. Co., K. J>. IM.tilU ; ./., 1!)2). t)88A. 

'®' Badificiie Anilin- u. Soda-Faiu'ik, (1. I’. .888,883 ; ,/., 1921, (i88A. 

iladiseho Anilin- u. Koda-Fabrik, (1. P. 888,977 ; 1921, 8K1 a. 

'®" Badiacbe Anilin- u. Soda-Fabnk, tl. P. 830,824 ; J 1921, 294a. 

Farljcntabr. vorm. F. Hayer u. Co., (1. P. 339,183 ; J., 1921, 731 a. 

d. L. Kane, K. ]>. 164,488 ; J., 1921, S89a. 

A. Linz, and Ultro Chemical Corp., U.S.P. 1 , 858,007 ; J., 1921 , | 28 a . 
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with R-Siilt, tlu! products from other fiai)hthols\!ilphomo acids not 
being so fast'to light.*” « '■ i ‘ 

The use of complex acids containing tungsten ^as been suggested 
in producing lakes.*"* ' 

Tlisazo pigmeilt dye.s are obtained by coupling: tetrazotisod 
tolidine with ^-naphthol-(i- and -8-sulphonic acids.*'* 


Trijihoii/hiKlhnw Di/ts. 

Pure greenish-blue lii])henylmethane dyes, sujierior in fastness 
to light to known dyes of similar shade, are produeed by heating 
with ethyl alcohol and a small amount of sulphuric ackl a mono- 
alkyl-o-toluidine, such as the monomethyl derivative, and 2 . 4 - 
dichloro- 5 -nitrohenzaldohyde oi- 2 . 4 . 5 -trichlorohenzaldehydo, with 
subsequent oxidation of the leuco-eompouiid.**' 

The electrolytic oxidation of the leuoo-base of Malachite Green 
is best carried out in lu'esenee of uran\d sulphate as catalyst, when 
a yield of over 57 'X, is obtaineeV*' 

Basic dyes are obtained by condensing acetylene with aromatic 
amines in iire.semV of .sulphur, followed by oxidation ; aniline 
yields dithio-oxanilidc, , CjHs.NH.CiS.GS.NH.CsHs, whereas dl- 
inethylaniline'yfl'lds a compound ' CsnUapNjS and Ihially a com¬ 
pound of ])robable constitution 

which is readily oxidised by air to Methyl VTolet; similarly Victoria 
Blue wiis obbuped from phenyl-a-naphthylamine.*’* 

Condeftsation of 1 mol. of bcnz 41 dehyde-o-sulpl^onic acid with 
2 mols. of o-cresol by means of 7 ( 1 % sulphuric acid gives a tfiphenyl- 
mcthaiio compmind, [G8H3(()lI)(CH3)J.j.(lH.C,H4.SO;,H, jvhich 
on nitration gives nlono- and dinitro-derivatives (K'cing chromed 
wool from an acid bath yellowlsh-browTi shades not last to light or 
milling.*’* 

Brilinh Dyt'stuffK Ourp., IjUI., J. Baddiloy, ami J. [Hill, K.P. Hit,05U ; 
t/., 1921,r.04A.# ' 

A. Lcmlle.^iml Kiitlroff, Pickhurdt: amJ Co., U.S.P. 1,,‘178,418; »/., 
1921, 576a. a. Linz, atgi The Choiiyoal Foundation, Inc:., U.S.IM,378,882 ; 
y., 1921, 5:J9 a. ' , 

*"» A. ,1. Fietd, U.K.I-. l,;!8;i,7IO ; J., H19 a, 

*’* British Dyestufis Corporation, l.td., W. H. Perkin, amfo. R. Clemo, 
E.P. I(i5,658 :,J., 1!)21, 57«a. . 

*’* A. Lowy and E. H. Haux, Trmw. .4mcr. Elefirocliem. Soc., 1921, 99 ; 
J., 1921, 730a. 

”* F. Consonno and A. Criito, Oazz. Ohim. Hal, 1921, 51 , < 1 ., 177 ; J., 
1921, 538a. . * 

P. Deinont, Rev. Q(n. Uai Col, 1920, 24, 65 ; J, 1921, 143a. 
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Carbazole Blue,‘obtained-by fusing carba.oJe with ox’alic acid 
lias iieon shown to. bo a tricarlvii-vlma+i. wii’H oxauc acid, 

formula* (0.,H,Ni)dF- 1 ! H S roT*’*"® matter of 

the inethane cStta n Sfufi : ’ 

tiJiihonylnietliane (lyc.s (^arbazolc Bln.f ,; n ' the 

gives variously colom^ t ‘ e ^ 

methane has been premrid l\v r triearbazyl- 

infloenee as the benzyi and pheil gioui'i'”''^’ 

Phlhulnu DytH. 

ihioHuorcseem, or 

^ • • 

SinE e“:; "'”T ‘"-'r"" "4rS"crrs: 

Carbazine Dyof. 

V the 

<N0,),r..H:ci + h,n.(;h..chr, (No’)„c,h,.nii.c;h,chr, 

example,.picryi chloride and 

the potiDisiurn deriSivei^' of which 

on boiling 2.4*.dinitrodiphenylcarb. 

..: ■: •^- Tokyo, 1920. u’, 1 r V tailf’mf. ’ " 

4, 538; ,/rmi. 539 a’““’ ®'^tmajmvski. Hdo. Ohim. Acta 
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Pyrazotone Dyes. • 

A careful investigation Has been made of.mctjiods for preparing 
Tartrazine and similar dyes in a state of puritjs.'". The ?|P.-sul))ho- 
phenylhydrazone of l-m-8ulphophenyl-3-carlx)xy-5-pyrazolone, iso¬ 
meric with ordifiary Tartrazine* is obtained by the cwi(fcnsation of 
2 mols. or phcnylhydrazino-m-sul])honie acid with I mol. of sodium 
dioxytartrate. Similarly 1.4-naphthylhydrazinesulphonie acid and 
the 1.6-isomer have been converted into Tartrazines. On wool and 
silk, the Tartrazine from ])henylhydrazine-w(-Rul])honic acid gives 
a yellower shade than ordinary Tartrazine; the dye from the 1.4- 
acid mentioned gives a brighter red shade than the ju oduct from the 
1.5-isomer, which is browner in tint. 

. Cymnne Dyes. 

The work of Mills and Wishart,”* and of Mills and Evans"" 
has be(!n confirmed**" by examuiing tlu^ absorjrtion curve in the 
ultra-violet of a .solution of ^j-dimethylaminoeinnam^ lideno-quinal- 
dine methopcrehlorab' decolcrised by hydroelilorie ai id, which 
differed very materially from thaf of a similar solution of i,soeyanine; 
the latter cannot therefore have the butadiene structure as stated 
by Kiinig.'*’ The struotural fortnula advanced by 0. Fischer*** for 
the carbocyahines contain.s one carbon atom le.ss than is indicated 
by analysis, and their formulation ?.s dimethyl derivatives of true 
cyanines by Wise, Adam, Stewart, and Lund'*" is not in accordance 
with th('ir sensitising action or with their behaviour on oxidation. 
The most probable structure, of the carbocyanines is considered 
to be :— 

NR INK 

In the blue-sensit'ising dye Pinacyanol,*** K is ai^ ethyl group.**" 

Isocyanine dyes similar to, but not identical with, those given 
by the corrcsjionding derivatives of quinaldine, are obt*ained by 
treating (juiternary addition compounds of ])urc .lepidino or its 
homologues with alcoholic alkalis in hot, conciititrated solution. 

*” M. .Tohnaof., ,7., 1921, 17(iT. 

>’* J., 1920, .WOa.^ 

*’• J., 1920, 08oi.' ' . 

W. K6»ig (ind O. Treichcl, J. prakf.^Chem.t 102, t)3 ; J., 1921, 

653a. ' . ♦ 

J. prakt. Chem., 1912, 86, 190. 

>“ J., liSl9, 199a. 

*“ J-., 1919, 450a. 

*«• E. P. 16,227 of 1905 ; 1906, 368. . 

W. H. Mills and F. M. Hamer, Chem> poc. Trans.^ 1920, 117, 1560; 
t7.,(1921j 4U. 
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'Die. isdcyaiiiiie fimii lepidiiif cthiMide resemblon that froin quinal- 
diiio ii) its photosensitising pro))ertics, ^ind is probably isonioric.“® 
The dyjis obtainoU M)ni tlie higher alkyf halides of le.pMinc give 

sensitiv'cness in th?; infra-rod.’” 

• 

The qi&iqfiyanino, 4.4'-diphenyl-\^-isooyanine,. identical with 
the red dyestuff jFroduced by treatment of the i/r-baso in ethereal 
solution with air and carbon di().\-ide,’“* has now been 

obtained by the action of 4-])henyl([uinolyl methiodidc 

on the i/r-base of 2-niethyl-4-quinolyl niethiodide. Tlu! parent 
i^-isocyanine is ]>repared by the addition of excess caustic ])otash 
(o a solution of 2-iodoquinolyl niethiodide and quinaldyl methiodidc 
in hydrochloric acid."*” 

A new series of jihotosensitising dyes, “ Kryptoeyanines,” or 
'■ K III.,’.’ are jinqiared by dissolving lepiejine ethiiKlide in boiling 
alcohol and gradually adding a solution of .sodium ethoxide and 
formaldehr'dc, with exclusion of air, when a purple-black dye is 
pioduced,'’'" 

' ' VarioKf: hi/ex. 

Dyes are obtained by condensing a letrabalfigenaticd methane 
with a derivative of a-nai>htbol, in nhieh ]iosition 4 is not substituted, 
in lui'sence of an alkaline eondiuising agent and a catalyst.’*’ 

Yellow dyes, givhig level shades fast to light on «'ool, are produced 
by condensing ethylenediamine with o-nitrohalogenbeiizene-p- 
sul])honie (or carboxylic) acids, or their derivatives ; for example, 
2-nil.ro-l-ehloi'oben7,ene-4-suljihonic acid gives a jiroduct 

(I) .SOjIl.C/t, (:)).W), (4).N!ll.('H,.('H,.NH(t).NO,(;i).^U,.,S()3H(l) 

whiclviaalso .suitable for jii'oducing colour lakes, and the dye from 
the corresponding carboxylic acid dyes iiaper yellow shades fast 
to lij^it.””’ 

The lcueo-bb,se of Furol (Ireen has been iirepared in 30% yield 
by condensing furfural with dimethylaniline in presence of zinc 
cliloride ; lead peroxide converts it into the djn", which dyes siTk, 
cellulose, and wool abrilliantyellowish-grcen, of only slight fastness 

E. Q. Adams and H. L. Kidlor,,/. .tiacr. Chvm. Km-.., 42. 2U8*J ; 

4., 1 ( 121 , ir,h. Aisn u.s.p. i.:i74.a7i; i»2i. +i:i.\. 

Q. Adiiiris and H. L. Haller, tl.S.I'. 1,IJ74,K7:! ; J., 1921, 4I:Ja. 

1919, 199a. ^ , 

O. lAk'licr amf vJ. dx), J. pruH. ('hem., 1919, 100. ^9 ; */.» 1921, 
Ha. 

E. Q. Adunis uiul H. L. Haller, J. Ainer. Chem. l'.)20, 42, 26(51 ; 
■/.. 1921, Tda. 

(i. df) Montmollin, H. J. Spieler, and Socioty of Chemical Industry in 
llask. U.S.P. 1,387,596 ; J.,1921, 731 a. 

Badische Anilin- u, Soda-Fabrik, G. P. 336,629 ; J., 1921, 576a. 
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to lij'ht fn tlio case of wool. iTiotliylanilino gives “ J<’uroI Greeu 
Ae.’'>““ • , , 

Condensation products of tlie indophcnol tjpe ipv obtained by 
treating p-nitrosoj»lienol, p-nitroso-o-cresol, f>v p-nitroso-o-chloro- 
phcnol with a 2 »lienol alkyl (^tl^er which is not substitdtcd in the 
pfrm-position to the alko.xy-group (e.g., anisole, o-ehloroanisole, 
jihenetole, o-cresol etlyl ether, or rcworcinol dimethyl ether) in 
jirescmee of suljihuric acid (sp. gr. 1-71) or concentrated hydrochloric 
acid ; the jjroducls yield leuco-compounds with sodium sulphide 
solution.'’^ 

A nuird)er of dyestuffs derived from phenanthraquiiione have 
been jwepared. I’hcnanthraphenazine dyes with auxochromes 
in the ijhenanthrene nucleus are ]>ropared by eondeiLsing the 
corrc'sponding amino ^derivativi's of phenanthraquintmo with 
o-phenylenediandne ; the products are ycJlow and dye light shades 
on wool. The product from S.V-diaininojihenantliraquinouc and 
7.8-diamino-l-naphthol-.‘}-sulphonic acid dyes fast yellow shades 
, on wool. A number fif azo dyes have been ]ircpaied ; the 2.7- 
j)h(manthra({uinone derivativesf are gooddiieet cotton d> e--, vhereas 
the 4.5-derivativi<s arc good wool dyes with little affinity for 
cotton.*”'’ 

. • Anikmceifc, Dyes. 

N-Dihydro-1.2.2'.r-anthraquinone,-azino- (indanthrene) or its 
derivatives are obtained in improved yield and quality by fusing 
2-aminoanthraquinone or its derivatives respectively with cau-stic 
jiotash in presence of a salt of an organic acid with which it is 
miscible in the fused state, siuih as potassium formate or acetate 
or a mixture of' the two ; a further improvement fs to introduce 
suitable oxidising agents, such as potassium cfilornte/”^ The 
use of a non-hydro.xylic solvent, such as aniline, naphthalene, or 
liquid paraffin, in imrsence of an oxidising agent is claimed to give 
pure indanthrene.*”’ » 

A further method for the chlorination of N-dihydro-J-.2.2'.T- 
aifthraquinone-azine has been described, by treatment with sul- 
phin-yl chloriSe at 50°-100° C. in the 2 )rescnce of niti’bbcnzene.*”" 

On heating alizarin with aniline and stannous thlorido, phenyl- 
aminocoeramidoaine is formed; similar compounds arc obtained 
using p-toluidinc etc., togethep with other hydroxy derivatives 

O. Fischer niul L. (Irahl, J. prakt. Chci/i., 1920,100, 159 ; J., 1921, 41a. 

*»< Akt. Cies. f. Aniriii.Fabr., C.P. S.’W.SW ; X, 1921. 342*. 

K. H. Watson and S. Dutt, Oketn. Tram., 1921, 119, 1211 ; J., 
1921. I)87a. ' 

'•« W. .T. Pope ami Scottish Dyes, Ltd., 15,P. 162,687 ; J., 1921, 464a. 

*•» F. W. Atack and J. Anderson, E.P. 166,297 ; X, 1921, 6i9A. 

'•* Farbw. vorm. Meister, Lucius, u. Brunfng, O.P. 331,283 ; J., lh21, 
294,^ 



of alizarin (c'xcoj)t ‘Alizarin Bordeaux), and thoir siilplionic acid 
dye unmordanted ^vooUn red, violet, and blue shades.'®" 

^ • Indigoid Dyes. 

The constitiJtion of iiidigotin has iiecn expressed in a new partie 
valency formula which i.s considered to symbolise the projiertie 
and relations of chemical individuals more accurately, than oxpros 
sions inv'olving normal valencies only : colour intensification b 
auxochromes is attributed to the making and breaking of partii 
valencies. The anahigy betweiai indigotin and indanthrene i 
considered, and it is shown that the clause of the colour probabl 
resides in the interaction of the nitrogen atoms and the oxyge 
atoms of the quinone groups b\ consiilering the variations cause 
in each seiies by exchanging S and t) for one?or both NH groups."' 

Baeyer's formula for indigotin has been examined criticall 
in relation to the chemical behaviour and jihysieal jiroperties ( 
indigotin and the known facts regarding the relation between colon 
and cheviical (ionstitutiiHi, and the fwliowing formula is considerc 
more correctly to interpret the facts :— 

/ “Nitv. 

t'oH,. 'h ('- .('.H, 

I'he carbonyl and iiiiino-groups are at each end of a five-memberei 
conjugated system, thus O—(h C—(1—Nil; such an arrangemen 
is found in other vat dyes of both the indigoid and anthracen 
series, ajid is ..itnilar to the cl^jain 0—0—0=0—flTI present ii 
dyes of*®e alizavin series, [f this formula were accepted, indigotii 
M'ould be a derivative of the coloured stable modification of dibenz 
oylcthylenc.""" 

General rules have been formulated which predict the inoreaw 
in the depth of colour in passing from brown-red isoindigo to violet 
red indirubin and blue indigo, the existenoi! of a similar relationshij 
in the case of exindigo, thioindigo, and in.iigo, and the diminutioi 
in the depth of eailour produced by substituents, such as methyl 
hydroxy, and amino groups and the halogens in tlr^ fi.b'-positions 
The union of an auxochrome and a chromophor by means of a chaii 
of conjugated doubl? bonds loads to an inorcaso in the depth o 
colour (bathochromic,effect),''aa in indigo, whereas tho direct unioi 
of a chromophor and an auxochrome decreases the depth of colou: 
(hypsochromic effect), as in isoindigo; indirubin occupies ai 
intermediate position. Tho bathochromic effect in passing fron 

'•* Badifohe Anilin- a. Soda-Fabrik, G.P. 330,672 ; J., 1921,429a. 

R. Robinson, J. Soc. Ih/m and Col., 1921, 87, 77 ; J., 1921, 2.54a. 

« W. Madelung, ,Z. angew. Chem., 1921,, 34, 482; J., 1921, 730a.. 
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oximiigo to thioindigo to indi^O is due to tlio" increasing power of 
the auxoohromes pre^sent. The effect of ,two auxochromes is 
cumulative when in p-position, but they a5t in contrary directions 
when in m-position ; thus all 5.5'-derivativ^s m tlie indigoid series 
are deeper in 4 !olour than the corresponding b.C'derlvatives.^™ 

A series of halogenated indigos has been described, prepared by 
treating with acetone and alkali substituted o-nitrobcnzaldchydes 
obtained by« nitration of products derived from ;!.5-dibromo-4- 
aminobenzaldehyde by re))laccment of the ainino-groups.“"’ 

Isatin has been synthesised by condensing aniline Avith chloral- 
oxime in acid solution, and warming the resulting isonitrosoacetani- 
lide with sulphuric acid ; similarly p-chloro-o-anisidinc hydro¬ 
chloride gives 4-chloro-7-niethoxyisatin, which yields Avith indoxyl 
4-chloro-7-methoxyindirubin, a compound which changeys in hydro- 
sulphite vat almost completely into ordinary indigo.“* 

Tsatin-5-sulphonic aciil, identical with the product of oxidation 
of sodium indigo-b.ri'-disuphonate, is obtained by suljihonation 
with 20% oleupi : the potassium salt condenses with indoxyl in 
acetic acid .solution to give ilidirubin, w'h'ich dyes wool a*nd silk a 
violet shade from an acid bath.-"'’ 

Indigoid dyes are obtained by condensing halogenated derivatives 
of isatin or n,aphthisavin, capable of reacting in the o-])osition, 
with 1-hydroxy-6-naphthol ethers or their derivatives not substi¬ 
tuted in the o-position to the a-hydf oxyl groujr; the dyes produced 
may bo further halogenated. For example, dichloroisatin-a- 
chloride and dibromo-yS-najihthisatin-a-chloride give on condensa¬ 
tion with 6-methoxy-l-na))hthol products which dye grey and olive- 
green shades? j'espectiA'ely ; on halogenation, the ^former gives a 
product which dyes black shade!‘.^“* In place ,of 1-hydroxy-O- 
naphthol ethers, l.O-dihydroxynaphthalene, or its deriv&ttves not 
substituted in the o-position to the a-hydroxyl group, may bf used ; 
the products arc alkjiated, and may be further hak)genated to give 
dyes identical with those des(!ribed in the main pitent.-"’ 

^ Methyl-6-indole-3-indole-2-indigo has been prepared ‘ from 0- 
methylisati%, and dyes AA'dOl and silk, but only has ,a slight affinity 
for cotton. The necessary intermediate was oirtained by comlensing 
rn-toluidinq with mcsoxalic esters, and sajamifying the esters of 
6-mcthyldioxinclole-3-carboxylio acid in presence of air, afterwards 
acidifying the alkali, isatate ; a'tcrnatively, ra-toluidine reacts with 

J. Martrnot, Rev. Om. Mai. Col., 19^1, 25, ; J., 210a. 

L. C. .Tanae, Rec. Trav. Chim., 1921, 40, 28.1; 1921, 341a, 

J. Martinet and P. Coissot, Cmnptes rfnd., 1921, 172, 1234 ; J., 1921, 

428a. 

J. Martinet and O. Dernier, Compten rend., 1921, 172, 330 ; J., 1921, 

174a. 

Farbenfabr. verm. F. Bayer u. Co., G.P. 298,098 ; J., 1921, 294a'', 

. Farbenfabr. verm. F. Bayer u. Co., G.P. 330,211 ; J., 1921, fl76A. 
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carbon bisulphide is prosenoi; of hydrogen peroxide t(5 gifl'o di-m- 
tolylthiourea, which is treated with potassium cyanid? and lead 
carbonate in aqueohs alcohol to yield hydro'cyanodi-»»-tolylcarbon- 
di-imide,' CH3K,H4.OTI.C(.0lN); N,C„H,.CH.„ and this, on 
heatng with aluminium chloride in benzene gives (i-methylisatin- 
TO-toluidc, easJiy hydrolysed to 6-methylisatin.'*"'* 

N-Substituted oxindols have been j)repared by heating N-mono- 
halogenacctyl derivatives of secondary alkylarylaniuKiS, or of 
diarylaniines, of the general formula N(R)(R,).CO.CH 2 .X (R= 
alkyl or aryl, R,—aryl, X —halogen) in presence of an aluminium 
halide ; N-phenyloxindole is obtained from chloroaoetyldiphenyl- 
arfiine, and on treatment with oxidising agents, such as nitrosodi- 
methylaniline, yields diphenylisoindigotin.-“* 

Details of a mofliliiiation of the permanganate method for the 
estimation of indigotin have been pul)lished.-^“ 

The im))ortanee of obtaining indigo and other vat dyes in a 
finely-divided ibian foi' working in the vat is widl-recogniscd, and a 
novel method i.s de.seribed in which the dye is .sej)araled from .solutions 
of the leueo-compound in presem.af of salts of bile acids ; on blowing 
ail' thi'ough a soluf ion of sodiuin-indo.xyl contijining 5-10% of 
sodium eholafe, indigo separates in a very fine state of division.-” 

iH’uIjihide (lyes. 

A yellow .suljihide dye is obtained by heating a mixture of 5- 
aminocynume, m-toluylenediamint^, and sulphur, whereas a green 
<lye results on heating a mixture of acetaininoeyrnene, a p-amino- 
hydroxy-aroraatie compound, and sulphur.^*- 

lndoj)henols he.ve been jwepared by oxidising, f.juimolecular 
])ropor^ns of t( trahydro-a-naphthylamine or its mono- or dialkyl- 
amino-ilerivatives and p-aminophenol or its substitution prcKlucts, 
and art used for the proiluction of fast lilue suljihide dye.s.''”“ 
Products having tiie general constitution 

.Arvl< >S.C1 

are formed by the action of .sulphur monochloride on the dry salts 
of aromatic amines in which one o-position to the amino-group is 
free, or, preferably in presence of a diluent such as benzene 

,f. Bonnefoy and .). Martl.iet. Cumpte.s mul., 1921,172 220 ; J., 1921, 

174a. 

»• R. Stolid, G.r. 33.5,763 ; J., 1921, .503a. 

-■» W. Thomson, J. ,Sur. D,jm ami Col., 1921, 87, 166 ; ./., 1921, 464a. 

“ C. H. Boehringer Sohn, (l.T. 326,573 ; J., 1921, 210a. 

“ C. E. Andrews, and The Selden Co,, U.S.P. 1,314,928-9 ; J., 1921, 
294 a .» 

Forbenfobr. vorm. F. Bayer u. Co., fl.P. 338,817 ; J., 1921,731a. 



or naphtiia, on the free bases or their aiyl derivatives ; chlorination 
also occurs^ in p-position to the amino-group when that position 
is free or substituted by an atom or group vhfch is easily replaced 
by chlorine. On treatment with aromatic bases; most ♦of those 
products yield red, violet to blue basi<! dycft, but with, bases con¬ 
taining an alkyl group in p-position to the amino §roup, e.g., p- 
toluidinc or »t-xylidine, sulphide dyes are formed giving yellow to 
brown shades^fast to chlorine on cotton ; the active chlorine atom 
still present in the latter j)roducts condenses with aromatic bases, 
giving yellow to orange sulphide dyes.-** On treatment with 
water, the initial products just described give ring compounds of 
the general formula 

AryK' 

, S' 

the ring of which is opened by treatment with alkalis, preferably 
with addition of a reducing agent, e.g., hydrosulphite, giving with 
monochloroacetie acid aromatic o-aminoearhoxylie acids ; the 
latter are diazotised and concerted into tlie nitril(!s, width, after 
saponification, may be transformed into new ring compounds yielding 
leuco vat dyestufts by warming with dilute acids. The products 
arc distinguished from known thioindigo dyestuffs by the brilliancy 
of their .shatle, t'neir greater affinity for the fihie, and their increased 
fastness to washing, .scouring, acid (jyoss-dyeing, and bowking.***'’ 

Vat Dyes of Unknown CondituUon. 

Valuable bluish-grey to greenish-grey vat dyes are obtained by 
heating ivith ^v^saturated alcoholic solution of ampomum sulphide 
the m- or p-nitroanilides of benzdiiuinonc, or mofe especially of 
halogenated benzoquinones.'**® ' 

The condensation of benzidine with chloroacctic acid, wjth or 
without addition of'allialis, yields a glycine which *on fusion with 
caustic alkalis with addition of suitable condensing agents gives a 
vjt dye which dyes cotton and wool blue-green shades; bsters of 
chloroacctic j-cid may be, ttsed, with saponification jof the glycine 
if necessary.*" 

On heating a-naphthoquinone with water under pressure, in 
addition to a-naphthoquinol a yellow condensation product results 
which on reduction yields green vat and pigment dyestuffs; the 
latter is obtained directly by boiling a-n.aphtho(fuinone with phenol, 
water being added to maintain a b.p. of about 1%0° C. ©n reduction 
with zinc dust in concentrated sulphuric acid solution, the insoluble 

*>* L. Cassella u. Co., E.P. 17,417 of 1914; J., 1921, ei9A. 

L. CasseUa u. Co., E.P. 18,292 of 1914 ; J., 1921, 019a. 

L. Cassella u. Co., E.P. 147,703 ; J., 1921, 688 a. 

Cliem. Fabr. vonii. Woller-tor Mwr, G.l*. 300,094 ; J., 1921, 404a. 
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green pigment dye iji obtained^by psuririg into ice-water, anfl may be 
used as a vat or sulphide dye for dyeing and printing wool and 
cotton.^'* » ■ • • 

* • • * 

, Natural Dyeu. 

The conditiRns aff(wting the quality of the Java indigo plant 
have been investigated, and the liehness of the leaf in indigotin 
has been materially increased by using a soil of,low nitrogen 
content^*'; the same author has suggested the development of the 
indigo industry in Assam in conjunction with tea or flax crops.**" 
The work of Shibata and others**^ on the anthocyanins and 
anthooyanidins has been criticised, and further evidence has been 
obtained in support of the view that in nature yellow sap pigments 
of the flavonol group arc first formed and the anthocyan colouring 
matters art; then produced from them by R.'duction.“* 

Melanin, the pigment of the skin of the Australian black, contains 
about 50% of carbon and is free from iron ; it resembles the pigment 
obtained"* frtim the wool of the black shcejt."' 

Bailisclio Anilin- u. Seda-Fjiin’ik. ftl*. l(iH,417 ; 10-1, ".IOa. 

W. A. Davis, Aijnr. Itis. Jnst. Vum, lmH(jn -Ve. 7 ; ,7., 1021, 

1 7.1a. 

» W. A. Davis, (()«/., Vuhn. No. 8 ;‘J., 1021,,!27lt. 

./., 1010, 217a. * ' 

*** A. F. Everest and .\. J. Iltill, Vroc. Ifoi/. .SVir., 1021 , 92 b , 1.70; J., 
1021, .281a. * • 

(iuriner, J., 1010, 1208. 

W. .1. Viiimg, Ihm-hnn. J., 1021,15, IIS ; 1021, SOU. 
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i'lJMIES, TEXTILES^ (lELLULOSE, AND 
PA I‘Eli. 

By Khank L. Harbutt. A.I.C,, 

Research Depl., Toolal BroaRhurst Bee (hmpanij, Lid., Maiichesler. 

Miicn excellent wnrk Inw been carried out during the past year 
in the realms of jmre science, and tminy of the lesults obtained 
will be of indirect Iwneiit to industry, l)ut. unfortunately'die direct 
ajijilication of science to industry does not ajijiear to liave received 
an enual .sliare of attention, ft is, liowever, gratifying to nob’ 
that the several Research Associations liavc now counuenced 
tlieir activities. The literatun-'’ eoimeetedi with tlie sek’uee and 
technology of textiles is notoi’iously cliaotic, and one of tlieir iirst 
functions will, dbulitless, be to collect and jireparo systematic 
reviews of the more imji,ortant jiarts. ft is to be hoped that sb'ii.s 
will be taken Ui .secure the general 2 >ublicat.ion of such collections 
of information, which would be of inimen.se \'alue to worli,er.s in the 
fields of both imrc and ainiiied re.search. 

Cotton. 

Little work.,^f outstanding imjiortanee, relevant to the iihy.sical 
and chemical properties of cotton,’•ajiart from cell,ulo.se, has been 
published during the year. It is gratifying to note, however, 
that problems affecting its cultivation arc receiving the at t<gition 
of scientists and much information has been amassed concerning 
the economic ]iro<luction of cotton in various jiarts of the world. 
Abstracts of the most imjiortant articles appearing in tnis con¬ 
nexion (which does not come within the scope of tliis review) will 
bo found in the Jmrml of the Textile Institute. 

The orgagisation in this country of the various A.ssociations 
connected with fne growing of, and research on, cotton, is apparently 
arousing interest ini America,* where the formation of similar 
organisations is recorded. The aims of.the Preriminary Committee 
on American Cotton"'Research are dealt witK by D.* E. Douty,^ 
and the projected scheme of work of the Cotton Research Co., 
fnc., of Boston, Mass., is discussed by 0. H. Goldsmith.® 

» Text. WorU. J., 1920, 68, 41. 

® im., 1921, 58, 8B9. 

“ ftirf., 1921, 69, 871. 939, 943. 
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The Ttiformatioip Bureau of the feritish Cotton Industry Research 
Association has ^inblishod a bi-monithlji summary* of current 
literaturp during the year, which contains an extensive collection 
of admirably-arrange^ abstracts on all subjects bearing on the 
science anfl Ijjichnology of cotton^ Unfortunately, they arc not 
at present available for general circulation, but it is to be hoped 
that steps will be taken to secure the publication of collected 
abstracts, which will be of immense value to workefs not directly 
connected with the cotton industry. 

In an article on the classification of cottons, W. Hacker* deals 
briefly with the general jibysical cbaracteristies such as “ feel,” 
and kmgth of sta]>le of .54 \ .uhdie.s of cotton. W. Robinson,* 
in the course of an article on the microscopic markings on flax 
and other, vegetable fibres, attnbuhis their, absemai in the cotton 
fibre to structural differences in the cell wall of the cotton hair, 
which is ])robably moie elastic than that of fibres of the flax type. 

A useful method foi- the cutting of microtome .sections of cotton 
fibres, yarns and fabrics has bemi devdoped by ft. S. Willows and 
A. (!. Alexander,'' who (Ifnploy a siin])le uudhod of cellulose e.stor- 
jiaraflin wax embedding. The use of agar as an fidhesive in place 
of albumin for the emnenting of sections to the mioroscopc slide 
is suggested. H. J. Denham’ suggests a mbdilication of Breokner’s 
embedding process for the cutting of sections of cotton hairs. 
The relation between the constituents tl the raw cotton fibre and 
the efficiency of the boiling-out and bleaching ])rooesses through 
which the wovam fabric passes arc discussed by J. Merritt Mathews.* 

M. Kreibcrger * hivs correlated the amounts of water, ash, wax, 
and nitrogenous,matter, etc. prc.sent in Americar>«otton, Maco 
cotton, yxd d(!si7.ed cotton fabric, but gives no details* of the 
anal}dii,.TOll mxdhods employed. 

A, fjphourir,*" in examining the hygrometrie, jirojicrtics of fibres, 
finds that theref is a maximum “ absorbing ca|)a<!ity '' for cotton, 
amounting to aSoiit 20% of water, attainable when bleached cotton 
in placed in an atmo.s])here saturated with water, irrcspecti\» 
of temperature,, ft is stated that cotfoji, wool, anci silk, when 
exposetl to air of the samxi moisture content, take up water in 
amounts projiortional to their maximum absorp|ive« capacities. 
Ex])eriments bearing on the constitution of cotton cellulose have 
been made by F. Lenze, B. Pleus,«aud ,1. Mmller,'* who consider 

* Tat. Zat, 1921, 2(19.* 

* Textile Inst., 1921, 12 . 539. 

" Ihiit., 1921. 12 , 99; 1,921, 29rA. 

’ Nature. 1921,107. 299. 

* Text. ManuJ., 1921, 47, 87. 

" TextUbv., 1921 , 2 , 345 . 

** Bull. Soc. Ind. Mulhou^, 1921, 87, 129. 

“ J. prakt. Oft6t».,,1920, 101 , 213. 
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jnatci'ial siiitalily treated w ith alkali t( he free fiom xylose residues, 
and R. I’losiegel,'- who hai studied its aeetolytic; deeoin])osition. 

fn oontinuation of jirevioiis work K. Knee.ht,''' in collaboration 
with F, I’, 'riionijison, has examined tJie effect of acids on cotton, 
lioiling the niat.uial with dilute suljihiiric and hydrochjoric acids. 
He finds that by this treatment its tensile strength and alHnity 
for methylene lilue are decreased, tint on drying amounts of sul¬ 
phuric acid in tiu' fabric, a marked increa.se in the affinity for 
methylene bine and rhodamine-R was noted. 

.\l. Nakano'''has tourid that when cotton cellulose is healed in 
air, or meicerised, the viscosity of its solutions in eii|irammoiiiuni 
is lediiceil in Jiroportion to the elevation in tem|'eiatiire or to 
the iiieiease in com entration of the alkali. 

The report by R. A. l'unter"'on the industrial apjilieations of 
researches on the viscosity of cotton cellulose is I'evievved later. 
N. Fleming and A. (’. Thaysen,’' extending their researches on the 
liacterial deterioration of cotton during storage, have dev'tsed a 
method of (piantitatively determining the bacterial degradation 
of fibres fiy utilising the visco.se treatineVit. as a svvelliiij; agent. 
'I’hey find that I..ilian cottons deteriorate much more rapidly than 
American cottoas or cotton grown in fndia from .American .seed. 
The observations of Oori'e,'" who has inv'cstigated the tendering 
action of .sea-water on cotton fabrics, arc dealt wdth under the 
section on Textile Fabrics. " 


Wool. 

The amount of pulilished material coming w ithin the province 
of this sectioVi'of the report is very small, and noja'ogress ajipi'ars 
to hav'e been made during tlie year in tfie inviWigation of the 
chemical constituents of wool and other animal fibres. A v'olu- 
minous amount of, work on their physical and other jirojicitics, 
in so far as they affeet manufacturing procea.ses, still remains 
to be cleared up. 

The organisation of the Britisli Re.search Association for the 
Woollen am’l Worsted Tmlustries, and the eipiipment of their 
laboratori(‘.s, now ippiears to be almost compl(*e. In a review 
of their fir.sT Ar nual Report,'* it is .stated that a number of investi¬ 
gations of technical importance have been published and details 
of a projected scheme of researches arc outlined. 

, J 

ZeVMofffhem. Alfhfimllungcn, l!)20,1. 2.V. 

J. Hoc. Dijern and Cot., 11121, 37, 270. 

Kdnyo-Kwar/aku Zasulii, 11I21, 24, 018; 1921, 807a. 

J.. 1920, 3»3t. 

Biochfm. J., 1921,15, 409 ; J., 1921, 764a. 

” Biochem. 1., 1920,14. 709 ; J., 1921, 342a. 

, J Tertih Inut., 1921, 12^ 70, 
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H. (). Herzog iin(l«W. .lanel^'li;tve ii])l>lic(l>i-niv«pr(:(rogiaj)hic 
ineliiods of examinaj ion lo Ihe wool 1il»e ^iiid liiid it to be com- 
j>let.ely anioiphous. * 

'I'he liygroinetrii! ]iidj)ei li( s of w ool are the subject of examination 
in a researdli l^v A. Scdieui-ei-,-" wlnjluis investigaUd the amounts 
of water taken up by various textile fibres from moist ah’. He 
finds that wool, like cotton, has a maximum absorbing capacity 
for water when ex])osed to air saturated with watr'i' Tapour, being 
eajiable of taking uji of water, an<l that when dried it regains 
moisture in an amount ]>roportional to this (aaistant. 

R. Reyehler-' tinds that, on heating wool under eonditions of 
normal or iruaeased ))ressuie wi!h water, alkaline or acid solutions, 
acid oi' basic substances ai'c dissolved, which are cajrahle of reacting 
with basic jOr acid dyes. The jihvsieal pro])ertie.s of the fibre are 
altered as indicated by loss of double retraction, diminution of 
elasticity, anil increase ol pl.istieity. 

The subject of the scouring oi wool has received oidy little 
attention. H. Hey-- has outlined the ])rinei}iles of the degreasing 
of woo] by volatile solvertts. and ,1. J*('raven -■• has contributed an 
interesting article on the em}iloyment of the .seUeilt degreasing 
jiroeess in the I’niled States. The use of chlormated hydro¬ 
carbons of the aliphatic series :i,s degi'casing agents is protected 
by K. Koch.-' 

The action of acids on wool has been*i'xamined by M. Hccke,-'’ 
who states that after treaiment with acid solutions, wool acquires 
an acidic ehai’acter. and its resistance to alkalis is diminished. 
He has investigated the action of sul})hui'ic, oxalic, formic, and 
aiictic acids, lindin^ that the amount of wool dissolveiyiy solutions 
of Muijihujjie acid, and on sidisApient treatment of the residual 
material/with sodium carbonate solutions, is jnojiortional to the 
acid coijccntration emjiloyed. ]n a later article he deals with the 
I'fi'ect of acid ti'fatment from fhe jioints of vitw' of dyeing and 
carbonising. * 

The adtMtion of reactive aldehydes (formaldehyde, acetaldehyde 
etc.), ace'tone, or aceto-acetic ester to ^-arbonising i^xtures ti 
prevent the defelerious action of the.se agents on wool or arti¬ 
ficial wool is the subject of a patent by M. Beckc.“*,P. Hcer- 
mann-’ states that fhe use of too strong an acid or too high a 

Unmhmi. 1!»21,25.at; ./.. lt)2J. tt-'A. CJ. Bn’. JUiO, 53, 2182. 

-" Bull. Km. Iml. Mullioim-. 1«2I, 87, 121) ; j.. 1!)21, atOA, 

Bull. tfiK. aiiim. Bc%.. 1!)2* 29, 21)1 : J., t'J21, i74A. 

- •/. Boc. Dyers ,md Vol., 1!)21. 37, 183. 

Yorkshire Observer. Aug. 4^ 1921. 

IT.S.P. 1,3.58,183; 1921,6a. 

Textilber^, 1921, 2, 194, 213 : 1921, 381a. 

*3.?. 334,528 ; J., 1921, 504a. 

" TextHber., 1921, 2, 106 ; V., 1921, 210a. 

• H 2 



110 REPORTS OP THE Plrf)nRESS OF APPUED CHEMISTRY. 

tcmponituro during the carbonising, process may result in tjic 
dcvclopmcilt of stains in idyeing. 

L. L. Lloyd -* points out the danger of the use of unsuitable 
oils as wool lubricants. (1. H. Hoidiringer Sohn Chcni. b’abr.*” 
claim that the .addition of salts of bile acids to the srJaj) solution 
during the milling oiicration, gri^atly increases its efficiency and 
serves to juotcct tlu' wool against the action of alkalis. 

In connexion with the analysis of wool refuse, A. Deinolon“" 
makes suggestions concerning the techniijiie of nitrogen determina¬ 
tions. An interesting series of analyses of suint and greases from 
typical wools has been canieil out by the U.S. Bureau of 
Ohemistry.'* 

Silk. 

Little work of any mateiial scientific or ti'chnioal importance 
appears to have been carried out. during the year on the .subject of 
silk, and it is to be ho])ed that w ith the organisation of the silk 
industry and formation of the Silk Research Association, stimulus 
will be gi^'en to individual reseaiehers, particularly those working 
in the field of bio chemistry, to tuni their attention to flic many 
important prolitems connected with the structure and various 
properties of silk, which at pre.sent await investigation. 

Questions liuaring oh the culti'-ation of and rearing of the silk¬ 
worm under antise])t ic conditions havi' reeeivial attention on the 
continent and in Japan. V. K. (.fs'igian claims to have achieved 
rcmiai-kable success in obtaining eolouied silks by suitably dieting 
the silkworm, tnit expert opinion ap])ears to be divided on the 
subject. An article reviewing the \mrious authentic attemiits 
to produce • c.loured silks by this method has been published 
recently.^ 

The structure of the silk fibre has been examined liy R. \V Herzog 
and W. Jancke,-'’ who, employing X-ray spectrographic njethods, 
state that it is of a' erystalline. character. • 

W. Tiirk has made a chemical examination bf seriem, which 
<10 obtained by digestion of silk with water under jiressuiv, and has 
found (wiekmce of carjfohydrate-protein complc.xes in alcohol- 
soluble and alcohol-insoluble sericin. Hydrolysis of alcohol- 
insoluble »ieric{n with suijihuric acid gave varying amounts of 
tyrosine, hmeine, serine, arginine, lysine, and histidine. 

J. 'Trxli.U 1»21, Ig, lU-!. 

2 “ (J.r. :i2t,57.'j; ./.. I!)20 , 77»a. ‘ 

Ann, Ohini: .^nahjt., 1921, 3, 244 ; al'., 1921, 9H8 a. * 

WorllJ., 1920, 58, 291. 

® Canadian Tartile 1921, Aug. 4, 17.' 

=» Silk, 1921, 14, 41. 

Chem. Zenir., 1921, 92, II., 573 ; J., 1921, 342a. See pfso Ber., 1920, 
53, 2162. 

i Z. physiol. Chem., 1920^ 111, 71 ; J., 1921, 126a. 
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llcsults of analjvos of Ja]*aiif.s(*and Mancliuiian silks arc givon 
by R. Inouye, S. I^aoka, and M. Hii'u«a^a,“'' \\hicIi,*c;ontrary to 
expectations, show them to be cheinioally identical, ft is pointet 
out that analyses of tussah silk are invarialily similar to those of 
tru(! silk, A'it^ the exception of ditfeienees in tlie.ratio of alanine 
to glycine. 

A. Scheurer” has investigated the amounts of water taken up 
by silk under various conditions, and finds that vlit-n thoroughly 
dried and exposed to an atmosjihere of wafer-saturated air, it is 
capabk; of absorbing, as a inaximuiu amount, 211% of water. 

Processes for the degumming of silk still eontiniu' to be introduced. 
O. Bonw'itt and 0. (loldschmidl '* claim the use of neutral or feebly 
alkaline solutions containing peroxides (with addition of gelatinous 
substance!^ if neix'ssary) as deguniining agents. 'I'he u.se of .soap 
solution containing ])er-.salt, is the subject of a subseciuent patent, 
in this connexion, by O. {Joldschmidt.^” 

1j. Mayfield applies a suitably .adapted conditioning process 
to the production of soft and easily-manijmlated yarns for knitting 
piirjioses. * * 

A prcMiess for the preparatory treatment of w ikl silk yarns has 
been devised by S. Sakane,^' who renders tlimn workableby reiieated 
souring and soaping. , • 

Bast and O’ninjj VisrinTAW.F. Pibees. 

Our knowledge eonixTi.ing the technology of tin' more common' 
bast fibres, and of many of the scientific ])roblema connected 
therewith, does not aj)]ieai' to have increased to any very appreciable 
extent during the year. 

I’he retting firdeess still oeinpies the attention of*Tnveatagators, 
and nevglnethods of retting continue to be evoh ed, but apart from 
these.communications, which constitute the bulk of the jiublished 
work, ft is not ]V'ssible to direct attention to mwre than one or two 
pa])ers of geneiifl interest. 

Y. Uyeda,''- in continuation of earlier work on the eellulos^ 
content of bast fibres,'''' has made fuither expc'iimyits on the 
estimation of cellulose in Korean hemp, employing three different 
methods, and recommends Renker's modification of^Cross and 
Bevnn’s chlorination process as being the most jntictieal one for 
the estimation of cellulose in bast fibres from,th<-])oint of view of 

Tofo/o ,?w., l!«(k 41, S7fi. * , 

Butt. ,S'o,; /■«(/. JWA/ieH-vr. 87, 12!): ./., 1fl‘21. .'ilillA. 

fl.P, .■i:).''.,777 : ]!)21, .aOt i. 

K.P. 131,it0(i; ,/., 1!»21, 17.7 a. 

E.P. 109,907 ; J., 1921, 2«.7a. 

“ .lapaneso Pat. 30,33l>, 7..7.20. 

*».7. InU'Ertg. Chem., 1921,13, 141 ; J.. 1921, 174a. 
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textile eliemistiy. He <liseusset< the function ()f x)ectin in has! 
fibres and "opines that Hte (iellnlose of hemp fibi e has, in some 
degree, an oxyeellulose stiiieiure. 

• P. Pasparis,” in the course of experiipents on lignitied cell 
nienilnanes. obtained a blue .coloration on treatnp' ftiese tissues 
with solutions of eoball thiocyanate of from lb to 40“,, 'I’his 
reaction, which is not shown by unchanged cellulose, is su])]iosed 
to be an adsiViption phenomenon, and is stated to lie more si'iisitive 
and reliable than the usual well-known tests for lignitied matter. 
It seems possible that it may be of value as a means for the detection 
of adulterants in tla\. 

Ellorts have been made in (lermany to stun liate scientitie 
investigation of the retting proci'ss. and in this connexion the 
Verband Deutscher .l.einen-lndustrieller e. of Ileylin-lliefeld. 
offered, early in l!(2(l' ’ a number of luizes to the value of 7(t.(MM) 
marks for the solution of problems connected u ith tlie determinatiiai 
of the end-point in the retting of liast fibres, witli nadhods for the 
recognition of under- and over-rettisl llax, teehnual methods for 
overeoniing the odour of retting, purifying the etlhienf. and for 
jiermitting retHd lihres to he dried artilicially viilii satisfaetoiy 
results. 

The questiosi of dete'rmining tlv conqdetion of the retting process, 
with reference to the dittieulties arising in ensuring its standardi¬ 
sation, have been subse((Hently ilifteussed in the eour.se of an inter- 
e.sting article. 

A number of experiments on the conditions affecting the ri-tting 
of flax, hemp, ramie, jute, and nettles, have heen made by E. 
Kayser amJ'-E. Delaval.*" uho, employing si.\ dilfeient miero- 
organtsms for the retting of stelilised material., have determined 
the optimum conditions for their growth, the factors alhoting their 
development, and the nature of the ])roduets formed as Hi« result 
of their action. They enqihasise the tact that u iKi jirojier scientific 
control a standardisation of the retting ]Udce.ss ml^ht be ell'eeted. 

• i B, S. Summers “ ])ro)ioses to regulate the retting 'of flax by 
adjustmeii!. of the oxyghn absoiption value of the retting liiiuor. 
ij. A. Johnson claims to accelerate the retting of flax by aprelimin- 
ary removal t^f the gums and resins present in the straw, employing 
for the jmrjiose a treatinent with an alkaline solution jnepared 
from "Magadi soda, " a mixture of sodium carbonate and bicar¬ 
bonate, of yast African origin. If. Turne! ''“ ju'ojioses 1o remove 

” }>li<irm. Momh.. lilgU, 1. 121. li»21, ItV'U. 

■i'* (left Forati. 11120. 

‘U* Dept. Aj/ra*. and TitIk Jnnlr. for hrhnuh 1021. 21, 248 
U Bull. Bor. (I'Em-our.. 1020, 132. 277 ; ./., 1021, :!S2a. 

K.P. 1.78,807; J.. 1021. 211a. 

•’ K.P. 151,14:1; ./.. 1020, 718a. 

E.1‘. 105,'240; J., 10^1. siiha. 
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the gum-like substaneen remaining' on bast-fihrcH after rCtting by 
washing the bundleil material in a smtably-arrangeti centrifugal 
machine. A novt-l" method for the profluction of soft fibrous 
inatcriats from‘ba*t or similar fibres is jiatentod by E. Claviez. '' 
After digestion of tKk raw material with alkaline solutions, it is 
subjected to *a freezing jiroccss, rf Inch breaks dou n the natural 
fibre agglutinants surviving the boiling treatment. 

In continuation of work on the retting of exotii' plants, P. Krais'^- 
finds that borax, when sub.stituted for sodium bicarbonate, which 
he had previously em])loyed to ensuri- an alkaline condition, retards 
the retting priwess. The e.xperinients were primarily earried out 
with a speeii's of Brazilian m.dlow, and subseiiuently extended to 
flax and nettles vvitli similar results. 

R. Wei.ss '''“gives details of an empirical ])rocess for the degumming 
of ramie, flasein is stated to lia\e been used vith success in re¬ 
moving pectoses from te.xtile fibi'cs."' The action of the substance 
is said to dejiend on the fact, that when heated it eiolves ammonia, 
which reaids with the insoluble pectoses, forming readily soluble 
and eas.ly I'cmovablc jA'ctates. “ 

The shortage of (ibrous rav materials in Central Europe, and 
their present high cost of imiiortation. is cau..ing (ierman and 
Austrian scii'ntists to continue the devotioif of their activities to the 
utilisation of other and cheaper sources of sup])ly, and to further 
exploitation of their natural ri^ioui'ces. .Many new, and ap])arently 
succe.ssful substitutes foi silk, wool, and cotton have been produced. 

Processes for the ])re]>aration of fibres from a diversity of sources 
form the subject of a large nunibi'r of I'rench, Oerman, Italian, 
American, aiuj dapane.se patents, which cannot b'^^lealt with in 
detail. jPeat is'one of the particularly novel sources eifi])loyed. 
T'he AWSeselskap Korsk TorvU-xtil obtain fibrous products from 
this njaterial by a process of weak acid digestion followed by an 
alkaline treatim?nt. 

Methods for*the manufacture of "imitation'’ fibres, and the 
productlbn of special effects on fibrous materials continue to 
evolved. Gills't et Fils ““ pnaluce wodl-like effects pn vegetable 
fibres by fixing thereon the products of hydrolysis of casein, serum 
albumin, and other jrrotcic materials. K. Takani obtains an 
artificial wool by treatment of cotton w itli suitafily-filled rubber 
solutions. 

• 

O K.f. icf>.049 ; J%, 192I,^77a. 

“ Z. anijew. Olwm., 1920, 277 , 1920, SUiA. 

Bull. tS'or. Irtd. Mnlhoum'., 1920, 86, 404. 

L'Industrie Text.. 1921, 37, 190. 

“ Norwegian Pal. SO.SO.'i, 14.0.20. 
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Artificial hemp is prepared 'accorjling to Jj. Nakagami liy 
treating botax-impregnatoij cotton fibre with a jraste of Hydrosme 
rivieri, followed by drying and exposure' to ’ steam containing 
ammonia gas. S. Takasa and the Yokohama Kdg 3 !« Co."®' propose 
to manufacture^ imitation hemp by treatment of cotten threiwls 
with aluminium acetate, follovied by drying and coating with a 
mixture of specially-prepared viscose, resin soap, and Turkey red 
oil, the coated material being subsequently steamed, waslu^d, and 
dried. The product is slated to withstand washing, bleaching, 
and dyeing. 

Aimj'ici.AU Silk. 

There are few developments to record in connexion with artificial 
silk; the bulk of the current literature devoted to the subject is 
mainly composed of s^'ini-jiojndai’ articles. Of the patents jnib- 
lished, only a small number present specially novel features. No 
progress ajipi'ars to have been made with regard to methods for the 
manufacture of staple fibre and allied artificial picducts. 

X-Ray examinations of the structure of various arf ifi';ial silk 
fibres have been carried out by U. 0. Rerzog ane! W Janoke.'"’ 
Viscose silk is stilted to retain the crystalline character of cellulose, 
whereas artificial silk produced from cellulose acetate was found to 
be amoiphous.' 

The employment of polarimetriy methods of control in the 
preparation of cellulose solutions for artificial silk manufacture is 
advocated by H. Schulz."' A new type of artificial fibre, “ Holken ” 
silk,'® has been obtained from JMaco cotton, and is stated to be very 
durable, pos.sessing considerable strength wdien w et. 

R. Schwartdiscusses thcpossil^ledcn'clopment of cellulose-ether 
artificial silk production. It is stated that if cellulose etljers could 
be cheaply employed in this connexion the resulting products xvould 
be superior to cuprammonium and cellulose e.ster silks in their 
water- and alkali-resisting properties, though theU slight affinities 
for colouring matters might constitute a serious drawbai^jj; to their 
^’oneral employment. ^ 

E. Bronnfet ** proposes to regulate the degree of'fineness of the 
threads obtained in the spinning of viscose by adjusting the amount 
of acid prifscnt in the spinning bath. The minimum quantity of 
sulphuric acid, in grams per litre, to be used for the production of a 

thread of required denier, maji' be calculateij from a formula, a 

!• 

Japanese I’at. 36,315, 5..5.2(1. ,, 

Japanese Pat. 36,743, 16.7.20. 

•» £er.,‘]920, 53 , 2162 ; cf. J., 1021, 342X. 

“* Deut. Faseratoffe, 1921, 3 , 109. 

Ibid., 1921, 8, 51. 

«> Ibid., 1921, 3 , 28. 

«• E.P. 166,931 ; J., 1921, 654a. 
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i 

rolationship being fpund to exist biJfcween this figure and th’e square 
root of the denier required, tn other patents he gives details of the 
use of acid baths «f*various compositions. ’ 

Questibns rclfctirig to the production of viscosi^ threads have 
received a feiir share oJ.atti‘ntion and claims for the^use of a variety 
of coagulating^gents arc put forward. The employment of acidified 
sulphite waste lye forms the subject of one patent, and the addition 
of sodium bcnzcnesulphonate figures in another. , 

J. (1 Hartogs'”' employs an electrical treatment of the thread 
immediately after spinning to enlianee the appearance and feel 
of viscose silk. 

Kconomics in visco,se silk iiroduction are claimed to be effected 
by making the various processes cyclic, and patents have been 
taken out for deodori.sing the gases evolved, and for the recovery 
of by-products during the manufacture of fiseose. 

Methods for the jiroduction of artificial fibres of wool- or cotton¬ 
like character have been devised by the Glanzfiiden A.-G.““ 
who employ a modified viscose treatment. L. Drut*' proposes to 
obt.ain f%res of a woolly nature by* emulsifying solutions used in 
the preparation of the various artificial silks w ith ^ir oi' inert gases, 
and spinning them into a precipitating medium w Idle in an emulsified 


condition. ' • 

The Glanzfaden A.-G.®" ciaim to bring about alteration of the 
spinning properties of eupaammonium-eellulose solutions by 
varying the state of hydiation of the cellulose in solution. 'I’hey 
state that it is dehydrated by addition of invert and starch sugars, 
and hydrated when cane sugar is added. The full strength, gloss, 
and elasticity of the fibre are only obtained when cellulose is com¬ 
pletely hydratPd’before spinning. • 


Yakss and FaBKK'S. 


Sizing is one of the mo.st. important steps iij the preparation of 
yarns for the jnanufacture of textile fabrics, and until recently 
no very serious attempts had been made to effect a thoroughly 
scientific standardisation and control o^ the process. ^ 

Tt is gratifying to note that new methods of siziftg are being 
devised and that several articles dealing w ith those problems con¬ 
nected with the process, which require immediate investigation, 
have been published. 

An interesting siuies of investigations on* the effect of sizing 
cotton waips with st|irch nfixtures of difl'erent physical projierties 
( has been carried out.”" Nifw machinery foi' the sizing of various 

tl.P. .337,042 ; J., 1921f(i2lA. , * 

»“ E.P. 135,205, 152,349, 1.52,350, 1.52,351 ; 1921, 2.54a, 343a. 

»’ E.P. 143,253 ; J., 1921, 689a. 

E.P. 146,035 ; (1. P. 306,107; J., 1918, .57.5a. 

«" Cotton, 1921, 85, 481 Textile World J., 1921, 59, 2895. 
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textile juatei'ials lias been iiitividueed, anil seyeral novel inethoils 
for the preparation of size ingredii'iits developed. 

R. Huenliehsuggests the use of iiarlially (U'xtrinised potato 
starch as a sizing agent. Hydrogenated lish nils'?' are ricommen¬ 
ded as substitutes foi’ the nioie expiaisive o<iis at j)resei,\t emiiloyed 
as softening agents in the pri jiai'ation of siz(‘ mixtures. 

'I'hc various factors affeeting the activity of amylases are dis- 
eussed by W- Jtiederniann ami A. Rueha,'- and also by A. Desgrez 
and R. Hoog.'' The Soc. Suisse des Kennents''' jmtent methods 
for the ajiplicatioii of animal amylases in the degumming of textile 
materials. 

Methods for the testing of amyla.se solutions liavi* been devised 
by K. von Kiilerand 0. Svanberg J. L. Raker and H. F. Hulton?" 
describe a process for the iodometrie te.sting of diastase extracts. 

It is to be ho])ed tlvat with increase in our know ledge of enzyme 
chemistry, and methods for controlling the aetiiity of enzymic 
jirejiarations, many new ]iroee.sse.s foi' the lemoxal of foreign 
matter from textile materials will be introduced. 

Numi'rous patents dealing<with the fimjiroofing. vatecproofing. 
stiffening, strengthening, rendering impermeable to gases, and 
ilojiing of fabrics have been jmblished during the year but no very 
novel features appear F. Moeller" projioses to emjiloy tliionyl 
chloride alone, or m |>resenee of indifferent solvents, for the water- 
jH'oofing or hardening of i ellulosie gnaterials. 

An exhaustive study of the efficiency of various methods of 
waterproofing cotton duck has been made by F. F. Veitch and T. 1). 
Jarrell,"" who discuss the value of the various te.sts employed. 

An intere.sting account of researches on the action of ultra-violet 
light (m fahTlf'.s has been iiublislv'd by M. Kntat.''* The various 
precautions to he observed in carrying out eomfiarativt'^tests on 
different materials are dealt with in detail, and special consideration 
is given to the ])rntective action of certain dye.stulfs on "fabrics. 
It is shown that undyed silk sufl’creil a greater reifuction in tensile 
strength than similar material which had been dyed, ^hen both 
were expo.sed, under the. same conditions, to a mercury vapour 
lamp. A ''coefficient of protection " of dyed silk'has been deter¬ 
mined for each of a number of dyestuff's. 

™ Z. lien. Tcxlil-lnrl., ItiL'l, 24. 27S, 

TextiU'VohnNl.'WVlX^ I(H\ 

Fennvntfor.'icfi., 11)21, 5. 
i'owptes rend., 11 ) 21 , 172 , TmI. 

E.P. 145,582; J.. I92I,:tS;U. 

Z. pniifitol. Chnn., 11)21, 112, 192 ; •/.? 1921. •182a. 
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” E.P. 145,610 I ; 1921, 842a, 842a. 

J. Jnd. Kuif. Chew., 1921.13, 072 ; 1921. SOOa. 

/iff-. (Un, Mat, (Ud., 1920, 24, 149. 
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root of the denier required, tn other patents he gives details of the 
use of acid baths «f*various compositions. ’ 

Questibns rclfctirig to the production of viscosi^ threads have 
received a feiir share oJ.atti‘ntion and claims for the^use of a variety 
of coagulating^gents arc put forward. The employment of acidified 
sulphite waste lye forms the subject of one patent, and the addition 
of sodium bcnzcnesulphonate figures in another. , 

J. (1 Hartogs'”' employs an electrical treatment of the thread 
immediately after spinning to enlianee the appearance and feel 
of viscose silk. 

Kconomics in visco,se silk iiroduction are claimed to be effected 
by making the various processes cyclic, and patents have been 
taken out for deodori.sing the gases evolved, and for the recovery 
of by-products during the manufacture of fiseose. 

Methods for the jiroduction of artificial fibres of wool- or cotton¬ 
like character have been devised by the Glanzfiiden A.-G.““ 
who employ a modified viscose treatment. L. Drut*' proposes to 
obt.ain f%res of a woolly nature by* emulsifying solutions used in 
the preparation of the various artificial silks w ith ^ir oi' inert gases, 
and spinning them into a precipitating medium w Idle in an emulsified 
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The Glanzfaden A.-G.®" ciaim to bring about alteration of the 
spinning properties of eupaammonium-eellulose solutions by 
varying the state of hydiation of the cellulose in solution. 'I’hey 
state that it is dehydrated by addition of invert and starch sugars, 
and hydrated when cane sugar is added. The full strength, gloss, 
and elasticity of the fibre are only obtained when cellulose is com¬ 
pletely hydratPd’before spinning. • 


Yakss and FaBKK'S. 


Sizing is one of the mo.st. important steps iij the preparation of 
yarns for the jnanufacture of textile fabrics, and until recently 
no very serious attempts had been made to effect a thoroughly 
scientific standardisation and control o^ the process. ^ 

Tt is gratifying to note that new methods of siziftg are being 
devised and that several articles dealing w ith those problems con¬ 
nected with the process, which require immediate investigation, 
have been published. 

An interesting siuies of investigations on* the effect of sizing 
cotton waips with st|irch nfixtures of difl'erent physical projierties 
( has been carried out.”" Nifw machinery foi' the sizing of various 
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E.P. 146,035 ; (1. P. 306,107; J., 1918, .57.5a. 

«" Cotton, 1921, 85, 481 Textile World J., 1921, 59, 2895. 
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E. A. Fisher, in the course of at' stu ios of articles published during 
the year iruthe Jmimal of the, TejiHc Indituie, gives valuable sug¬ 
gestions for the inteip'retation and represdhtation of quantitative 
cxperimentid values, obtained in the course of'tex’tile work, which 
will be welcomed in this connexion. '■ ' 


Ckllui.osh. 

I'lii/nicnl and Colloid Projierlica. 

The subject of the }(hysical and colloid properties of cellulose 
in its various forms jrresents an alnrost unopened field for research, 
and it is to be regretted that, compared with the chemical aspect 
of cellulose, little advancement' has been made during the year. 
It is probable, however, that as the industries connected with the 
utilisation of cellulosic- matei-ials become moi'e organised and their 
demands moie insistent, the attention of the irhysicist and physical 
chemist will be more definitely dii'ected towards the elucidation 
of the many vital rnid fundamental problems, which at jrresent 
await solution. , , 

In connexion with results previously obtained by von Weimarn, 
F. Beck has made experiments on tire strerrgth of cellulose films, 
and finds that films jrrejiared from neutral salt solutions of cellulose, 
which are weaker than those fotnied from viscose and cupranr- 
monium solution, may be increased jn wet arrd dry tensile stiongth 
to the extent of 80%, by ti-eatment with a concentrated calcium 
thiocyanate solution followed by wa.shing and drying. In the 
case of films formed from calcium thiocyanat<‘ solutions of cellulose, 
it has been noted that the presence of a trace of solvent remaining 
in the film causes increased tensilp strength. In i» reply to these 
criticisms, P. P. von Wi'imarn"’ makes ob.servation.s on^ methods 
for increasing the .strength of cellulose films, arrd in a subsequent 
article, ““ points <>r^t that thcr swelling of celiulrjse by aqueous 
neutral salt solutions is rkqrendent on the state of kydration of the 
salt in solution. . 

In continuation of an, earlier r-esearch,** S. J. Lewis”" has 
made furth^ exjreriments on the fluorescence of cellulose in the 
form of paper and fabrics, and has extended the work to cellu¬ 
lose acetate. Alls method oi procedure is to focus an ultra¬ 
violet spectrum on the surface of the material, which is suitably 
arranged in a quarfz'spectrograph, and to phofifigraph the resulting 
“glow ” by means of a special camerrf. Tln^work, which is not 
yet complete, at present indicate,s that specimens of cellulose and 

Z. angeir. Clicm., 1921, 34, 113; rf. ./.,‘1!)2I, g.'llA. 

« KoUoid Zeitn., 1921,29, 197; J., 1921, 842a. 

*“ KoUokl Zeits., 1921, 29, 198; J., 1921, 842a. 

*** J. iS'oc. and Vol.^ 11(18, 34, I(»7. ^ 

J. 8oc. Th/pr^ and (!ol. 1921. 37. 201 ; J*. 1921. «20a. 
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its (Uirivatives wluch from, the "usual considerations would bo 
regarded as being identical, show nijrketl differences in their 
fluorescent properties.* * 

In the course of^ a critical review of the utility of the various 
mcthiKls of electrical investigation usually adopted by biologists 
and colloid chemists, R. Kelk'r”‘ points out the inijiortance of dielec¬ 
tric constant determinations. He has investigated the dielectric 
constants of a nundicr of carbohydrate's, including cellulose. 

An observation of imnUHliate techniiail intere.st is made by 
R. Arnould,"- who finds fhat the presence of small amounts of sodium 
chloride, adsorbed by the la'llulose and not lemovable by washing 
with water, may jirevent tlie satisfactory sizing of paper by the 
rosin-alum process. I’liese impurities may, however, be satis¬ 
factorily i/'inovcal by treatment of the mat(,^rial with dilute caustic 
soda solution. 

A series of infr'resting contributions on adsorption have been 
mad(^ by I. M. Kolthofl.'-’-' In examining the amounts of sodium 
and potassium hydroxi(|e taken u]) by cotton wool and filter pajicr 
from solutions of increasing normality, he finds that with unit 
weight of cellulosie material the amounts of alkali kaken up increase 
with the end eoma'ntration of the,solution up to a strength of 4A. 
Retween 4A^ and (>,V the quantity taken u]) is constant, but above 
tiA’ there is a sudden incriMise, followeil by a coiLstant value until 
the final end concentration reaches 8A’. He therefore concludes 
that there is no adsoiption in the true sense. In a subsequent 
research,he has examined tlu! question of the taking up of heavy 
metals by cellulose and concludes that the action is due to the 
replacement oi the bivalent anion of the ash by a itydrion or ion 
of a heilry nuhil, the action being analogous to the repWeement 
of met^ in the permutites. He surmises that ash-free cellulose 
would«iot take up metals at all, and shows in an earlier communi¬ 
cation*'' that IcJkI is not completely adsorbed li-om its solutions by 
cellulose of low ash alkalinity. He has also investigated the factors 
bearing on the adsorjition of copper from solutions of copper salta;' 
finding that the addition of ammonia causes a rapid increase in the 
amount of coppjw taken u]). The question of the. part played 
by the alkalinity of the ash in cellulose in the takiqg up of acids *“ 
has also received his attention, and he finds that, when the ash is 
almost completely removed, adsbr])tion faHs, to zero. In the 
light of these results it is obvious that the ash contept of cellulose 
• • • 

*’ liiochcm. Zeils., 1021,115, 134, 

Le Papier, 1021, 24, lOtfl 

Pharm. Weekbfad, 1021, 58, 46: J., 1021, 1,30a. 

“• lbid.,^mi, 58, 233; J., 1021, 281a. 

*’• Ibid., 1021, 68, 152. 

»• IbU., 1920, 57, 1571. ' 
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imist be taken into aecdiuil Mien .ennsiderinfi many of tJie 
lihenoniena (.issoeiated witV adsoi'iition. 

Tile (inesiion of Die iidhienee of various ‘rardfiis on the size of 
the eellnlose af'gregate is one of vital interest td all edneerned 
in the jii'odneti^in of solutions of eellnlose^and its (K*rivati\'es. 
As pointed out in last- year s report, pioneer work of a valnahle 
nature has hca'ii carriisl out liy W. H. (lihson and his eollahorators,''^ 
who ingeniously a]i]ilied nietiiods of vi.seosity determination to an 
inve.st.igation of cellulose and the nitric esters prejiared therefrom, 
and by d. Mas.son and R. McCall.''" who have investigated the 
conditions afleeling the pre])aration of nitrocellulose solutions foi- 
viscosity' ilelm'uiination. These I'l'si'arelies, which along with 
others, were carried out during the late war. had for their ultimate 
object the evolution of methods of control which would ensure 
tJie economical jirodiit't-ion of pro]iellant explosives of uniform 
character, and as the outcome of this work large-seak' experinumts 
were condueteil by the Directorate of I’rojiellant. Su])]ihes in con¬ 
junction with the Keseareii ])e]iailment of the Royal .Arsenal, 
Woolwich. Tim ri'siilts of thtse experiments, wliieh hate lieen 
admirably eorreluted and sumiuarised by R. A. I'unter."" form a 
valualile source of information eoneerning tlie functions of the 
various treatments of ('.itton waste for nitrocotton manufacture. 
.Tt is shown that, using wastes eomjiosed of cottons iiaaing widely 
different colloidal pro]ierlie!s, it is ))o.«.sible, by the employnmnt of a 
sutficicntly drastic soda boil, to obtain a normal resistant cellulose 
of uniform size of aggregati'. from wliieh a. nitrocotton of correspon¬ 
ding colloidal projierlies can lie jirepared, this resulting in ultimate 
coiLservation solvent in tlu' jiix'paration of the finished eoi’dite. 
The work affords an iirstance of* the ajiplieatifm* of organised 
research to large-scale production. *' 

An apjiaratus for the jiroduction of disjiersoids by mechanical 
degradation has beefi devi.sed by H, Plauson, and ^ described by 
('. Naske.""' The possibilities of this " colloid ntill are dealt 
'!^th by the inventor,"" w ho claims that it will provide an imjiroved 
process of preparing cellidose solutions. In conjunction with 
kS. A. Vielle.'"'- he patents a method for the production of colloidal 
suspensions pf cellulo.se by meehanieally disintegratitig the substance 
in media of lo(f electrical conductivity. 1’. P. von Weimarn 
consider.s that tlu' dispersive action, like the swelling of cellulose 
by aqueous salt solutions, is depende,pt on tihe activity of the 

” Chem. .S'or. Trmis.. 1!I2(I, U'?, 47:J. 47il» J., 1 lljo, 541.V; ♦/., 1921, 172 t. 

ahem. Stir. Tran.-:., 192(1,117, SI9 , J., 192(1, (itlA. 

"" J.. 195o, 3:t;iT. 

Z. Ver. dettl. 1 . hni.. 1921, 65, 49.7. 

"" Z. atnjew. Chem., 1921, 34, 4(i9, 472: ./. 1921, 799 a. 

E.V. 1.75,826. 

Kiittoid Zeits., 1921, 29, 198. 
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wiitcr of hy<lriifion* assooiiiWl wifti tlu^ saK. 'J'hc soliiliilit.y of 
('(‘lliiloso in solutiojiij oi alkali and alk*lit((‘-('aith .salt* liaa lu'cii 
(‘.\amine((,l>.V Herzog and F. Ik'ek.'"' who also find it to 1 k' a 
fiinetion of the hydrathm of the ions of the resjiective salts, vvhieh 
they arranf^e i* the folloH ing order,of aeti\-ity :~>fH, ' K < Na 
*' Li; Ifa ■' Sr ' ('a.; .IS() 4 ' (d *' Hr ■ f * CNS. They liav(! 
exandned a huge number of salts under different e.ouditioiis, and 
define tlie various re(|uirements to l)e fulfilled by salhsolutions for 
swelling and solvent action. 

One of th<^ most im]>ortan1 reseai’clu's carried out during tJie year 
OTI the subject of cellulose soiubdity, is that of H. K. Williauis,'"=^ 
who, in examining the soKenf .letion of the metallic thi(a’yanates 
on cellulose, finds that th(‘ ]H’oeess is governed eufirely l)y the 
]>hysieal ta^idifion of the sail, which must, be a li<|uid hydrate- - 
an associated molecular eomiilex of salt aiaf wat('r, ha.ving a suit¬ 
able boiling jioint, a viscosity above a defined minimum, and a 
positive heat of dilution between certain fixed limits. He deals 
with a large nnmix'i' of ex])erimerd,s on the acdion of the various 
thiocyanates on cellulose. Mercf-rising and ])arehmentising <'ffects 
may be obtaine<l by the treatment of eellulosie imulerial with thio¬ 
cyanate .solutions under suitable eoiulitions. and the ])rocess is likely 
to be of (ionsiderable indusiria’ interest. Tht' theoretical cousidera- 
tions on which he exi)lains many of the results obtained will bo 
liubli.shed shortly. A patent vfliieh may be of iidv-rest to those 
eoncerned with the ]ndduetion ot ev'lhdose solutions is that of 
Ostenberg,"a who dis.solves the matmial in a mixture camtaining 
calcium chloride and sulphuric acid of more than (K)% strength. 

The subject <)f,the inllanimability of eellulosie m.'itcrials is of 
iut<'re.st frfcn thefpoint of view of fextiles and pajiers. An im|Tortant 
re.seai'ch*on the conditions goveining the smouldering of cellulose 
has bean carried out by H. v. Euler and K. O .lose])hson,'"’ who 
find that celhdo^e, which will not smoulder in*alr, may be made 
to do so by addition of suitable amounts of salts, preferably lithium 
and ])otassium compounds. The j)roblem has been examini'd froir 
ionic considerations. It is found that ehlTa ine inhibits stnoulderinj 
and that polyvalept ions, which are incapable of (Causing smoulder¬ 
ing, may increase inflammability. 

VnnsiU ution. 

A conside. i^ble anuyint of’important woik has been carried out 
during the j'car on the consfltution of cellulose, and of the carbo¬ 
hydrates a.s.sociated with tJiis substance in nature or.jvroducod 

Z. plijisml. Vhnn., 111, 2S7 ; 1921, 2.v4a. 

.1; I9il, 22 It, 

U.s.p. I,;!.w,4l5 ; .7,, 1921. ll tv. 
iro HreHiuitoJJ'-Cluim,, 1920, 1, (>H. 
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from it OK the result of degradation, procosscsN Various miKles of 
attack have been directet^ towards arriving at a definite view of the 
configuration of the cellulose molecule emjdoying chemical methods 
of investigation, l)ut the results olitained arc in many cases so 
conflicting as ,to leave the impression tlf^t the problem of the 
constitution of cellulose will continue to occujiy the attention of 
chemists for many j'ears to come. It is to he legriitted that, with 
the e.xceiitioH of one or two investigations of fundamental impor¬ 
tance, little api)cars to have lieen dom^ on the subject from the 
physical and physico-chemical ])oiiits of view. 

Seherrer, in an I'arly paper,’"” found that cellulose ajipeared to 
consi.st of a lictemgeneous aiTangement of molecules w'hen examined 
by the X-ray method for crystal structure. Tn more recent work 
K. t). Herzog and W. Jancke,'"" who have examined ee\fulose along 
witli other organic! substances of liigh molecular (!om])lexity by the 
X-ray speetrograpliic method of Debye and Kcherrer,’"' state that 
the results obtained in the' cas<> of celluloses from cotton, ramie, 
and wood, evidence' the existence of a rhomhie system with an axial 
ratio O fi!)35 : 1 :04407. Tlfe examination was cairicd out with 
rods of eomprck'sed cellulose ixiwders exposed to radiations from a 
specially constructed ('oolidge tube with a copper anticathode. 
Ttie cellulose pow dei'S V'mployed were all of low ash content (cotton 
0-03, ramie 0-03. and wood 0-1'X, ash. respc'ctively).*” 

K. Hess and 1*1. MessR)er,‘'“ in' examiiling the optical activity 
of cu])rammonium solutions of cellulose, confirm tlie work of 
Lcwaliois. t'ellulose is found to have a high sjcecific rotation 
[a]— - to UKH)', while' regenerated cellulose in .solution in 
concentj’atedihydi'ochloric acid, and various C(!llvlo,se derivatives in 
etherc'al, aqueous-alkaline, and neutral salt solutions are inactive. 
Cellulose is stated to possess laUtnt asymmetry, similar that of 
the lower exirhohydrate.s such as mannitol, w'hich only becomes 
optically active in aqueous solution when hora;^ is added. It is 
assumed that the action of the ciiprammonium solution is analogous 
•■■.to that of borax. 

In the c*'<urse of a comprehensive summary of available informa¬ 
tion liearing on the constitution of ceilulosi!, H. Hibhert,”” after 
discussing th^relative merits and demerits of tlie formulse proposed 
by Tollcns, Cross and Bevan, Vignon, Green, and Barthclmy, deals 
with the formula, atlvanced himself, which is similar to that of 
Vignon, in t^hat both represent intraftiolecular condensation of the 

Gc 8, Gottingen Nachr., Sept., 1918, 96 ; Ahs., 1921, 04, 229. 

Bef., 1920, 63. 2102 ; cf. J., 1921, 34'2a. 
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aldehyde group of dextrose \jith t#o of its hydroxyls, but which is 
of doubtful value '’"'’t of more reqpnt work on th» subject:— 


/ CH.OH—'CH*— CH, 

, 1 

' CH..OH \ 

1 • \ ^ \ 

1 

CH — CH — 0 ( 

1 ‘ V°i 



1 CH.OH—CHOH—CH J 

lx ( 
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Vignon- 


Hibbert. * 


In a continuation of the article he reviews the most important 
reactions of cellulose and the formation of cellulose derivatives and 
degradation compounds, from the point of view of his formula, 
suggesting a new type of synthesis for a substance which he con¬ 
siders closely allied to the cellulose nucleus as represented by this 
formula. ' 

Ho criticises the work of K. Hess and W. Wittelsbach,“‘ with 
whom he fails to agiee on several points. The Hess-Wittelsbach 
formula, w'hich represents cellulose (in ground structure) as a penta- 
dextrose glucoside of glusosc, is sclcoted on the assumption that a 
constant ratio exists between the amounts of oota-^cetyl cellobiose 
and penta-acetyldextro.se formexl when cellulose is acetylated under 
certain conditions. Hibbcrt contends that the results obtained 
by Ost in earlier work and the variations in the values secured by 
Hess and Wittolsbach do not support thj view of a constant ratio 
between cellobiose octa-a.«tato and dextrose pcnta-acetate for¬ 
mation. K. Hess and E. Messmer,”® in the course of further 
work in support of the above formula, which, based on the Fischer 
formula for tannins, assumes the existence of an ether-l^ce complex, 
have succeeded* ill synthesising eimilar complexes by condensing 
sugars wj^ somh of the higher fatty acids. 

Cellulose being a particularly non-reactive substance, forming 
id-defined derivatives, one naturally turns to its simpler degradatior 
products for cviBenco which will throw light on its constitution 
In this respect, cellobiose, hearing as it does much the same relation 
ship to cellulose as maltose does to starch, in that it is^formed ai 
the result of the bacterial and enzymic degradations of cellulose,” 
presents an excelle^it starting point, and is now receiving tfie carefu 
attention of chemists; much excellent work is beiif^ carried oui 
on the subject. W. N. Haworth and E. L. Hirst,”® following up 
the earlier work of Haworth,and Lcitch,”® in wffich the following 
• • 
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formula for maltose (I) was established and a provisional 
formula (fl) for cellobiose suggested, have now obtained experi¬ 
mental proof in support of the latter formula :— 
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They have devised an improved method for the pn^paration of 
cellobiose in the form of its monopotassium derivative by (wtetolysis 
of cclluloao followed by hydrolysis with a.'coholie jjotash,, and have 
methylated thejroduct in two stages, obtaining a new derivative, 
heptamethyl mcthylcellobioside. By hydrolysis of this substance 
with dilute hydrochloric acid they obtain tri- and tetramethyl- 
glucoses of the butylene oxide tyjie, the former being identical 
with the trimethylglucoses previously isolated from methylated 
lactose'™ and methylated cellulose."" From a consideration of the 
results of Hudson,'-® who examined the optical properties of lactose 
and cellobiose, it is probable that these two hexoses are structurally 
and stereochemically similar, Cellobiose is tliereforc; considered 
to be,a glu’coso-^-glucoside. 

The grouping of hexoses in the cellulose molecule is sti^l a matter 
for discussion. According to Haworth and Hirst there is evidence 
of a structural linking for the part of the glucose gonstitueilt of the 
type (III) which is linkerl with other residues trough both the 


" IiH.CH(0H).CH(0H).(!)H.0H.CH20H 

. i i • 

I (HI.) I 

reducing group and the hydroiyl group attached to the fifth carbon 
atom from the reducing end of the hexos^e chain; this view is 
contrary to the opinion of Sarasin,®'® who regards cellulose as a 
polymeridc of lasvoglucosan. 

Ibid., 1918,113, 188. 

Ibid., 1914,105, 2364. 

“ J. Amer. Ghem. Soc., 1916, 38, 1566. 

Arch. Sci. pkys. nat, 1918 [iv.], 46, 5, 
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The problem of the constif.utioif of ccllobiosc is also interesting 
investigators abroad, P, Karrer and If. Widmer'®* have studied 
the conditions governing the aoctolysis of cellulose (whereby 
cellobioae is obtWnAl as the octa-acetate) with the idea of deriving 
precise inforination cifcioerning the maximum proportj'on of cello- 
biosc obtainable from cellulose. 'Aey find that the low yields of 
oota-acetylcellobiose obtained on aeetolysi.s of (X'llulose at a high 
temperature (10,5° C.) is due to the fact that 70% of 4hc substance 
is dcoom])osed, after formation, by the acetylysing mixture. They 
suppose that cellobiose complexes probably exist in cellulose to the 
extent of 50%, which is incompatible with the Hess-Wittelsbach 
formula, rerpiiring as it doe.s < nly 33% of jire-formcid cellobiose. 
Laterthey point out that the first step in determining the consti¬ 
tution of eellulnse is to attack lhat of cellobiose, which they com¬ 
mence to do by examination of its methyl* derivatives, obtaining 
heptamcthyl-^-mefhylcelloside (heptarnethyl methylcellobioside). 
The methods ein})loypd in the preparation of this substance are 
similar to tho.se adopted by H aworth and H irst, but in its subsequent 
hydrolysisthe author# make use <#f the formation of anilides in 
the, separation of tri- and tetrainethyl-glucoses. • Like Haworth 
and Hirst, they conclude, that cellobio.se is a glucose-/?-glueoside 
(5-^-a-glucosido-a-gluco.se). ln,v*iew of these facts interesting 
results are quoted by M. Bergniann and H. Schotte,*” who, by 
oxidising cellobial with ])erbenz»)ic acid, vbtain as the final product 
5-glucosido-mannose. In a subsequent article M. Bergmann'®* 
puts forward a new formula for cellobial based on these observations. 

K. Prcudenberg'“* finds that octa-acetylcellobiose is decomposed 
by acetolysis at ordinary temperatures, with formation of acetyl- 
glucose tq the extent of 30% of the original substanoe. He 
concluda# that, making allowanees for the fact that this probably 
occurs during the acetolysis of cellulose, it may be reasonably 
supposed that coflobiosc residues form 60% of tho cellulose complex, 
even though thc#highest yields of the octa-acetylcellobiose obtained 
duringlceHulose acetolysis arc much below this figure [Madsen, 43%“'>],g» 

In the course of work on the acetoly.si.s of carbol^drates, P. 
Karrer and C. Naegeli’^* converted diamylose and starch into 
acetobromomaltokt by treatment w'ith acetyl bronpde under 
suitable conditions. M. Bergmann and F. Beck,’“ uSing a mixture 

Hefr. ('him. Act(^. J!l-I. 4, 174 : ,1., 191’!, 349a. , 

Heh. Chim. Acta. 1991, 4? 179. 
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of acetyl bromide, hydrobromio acid, and acetic acid similar to 
that employed by Karrer, and Naegeli in some of their investi¬ 
gations, have obtained‘complete conversion of starch and maltose 
into acetobromogluco.se, but only a 40% conversion in the case of 
cellulose; they arc at present investigating the latter reaction. 
P. Karier and F. Widnier,in' a later paper, give results of experi¬ 
ments in the treatment of cellulose with acetyl bromide in presence 
of glacial acetic acid, in which they obtain a ])artial conversion into 
acetobromocellose and *cetobromoglnoo,se, the greatest yield of 
acetobromocellose being 20%. They are unable to obtain any 
information as to whether cellidosc is a condensed anhydro-sugar 
or chain compound. 

In a review of work previously carried out on the hydrolysis of 
cellulose, J. 0. Irvine and 0. W. iSoutar jioint out that the yields 
of dextrose hitherto claimed by various <;bservers have not been 
based on the actual amount of the sugar or of a d(dinite derivative 
isolated, and are therefore unreliable. To determine if cellulose 
is essentially a polyglueosc anhydrkh' yielding a. theoretical amount 
of glucose on hydrolysis, they have subjiicted cotton ceduloso to 
aoetolysis, hydrolysed the polysaccharide acetates formed, and by 
methylation of the products of hydrolysis, have, obtained a total 
yield of pure crystalline methjdgljiooside amounting to 85% of the 
quantity theoretically po.ssiblc if cellulo.se is composed entirely of 
dextrose residues. The .complete elimination of the dextrose 
residues from the polysaccharide was accomplished with varying 
degrees of difficulty, and this fact is instanced as evidence of the 
non-uniformity of the dextrose linkages. It is presumed that the 
ceUobiose constituent is the part of the cellulose molecule most 
resistant to hydrolysis. ‘ , 

A. Wohl and K. lllumrich,”'' in studying the action*of dilute 
hydrochloric on cellulose, obtain indication that two substances 
are produced—^gluco.sc and a higher carbohydrate—the latter 
being capable of further hydrolysis. In a continuation of the work 
Wohl and A. Krull*’* have hydrolysed cellulose in two stages 
by first treating with funfing hydrochloric acid, followed by boiling 
with dilute acid, and as a result of this treatment obtain a yield 
of a reducing sugar corresponding to 97% of the theoretical amount. 
A result very similar to that noted by Wohl and Blumrich is obtained 
by Y. Kauko,*’’ who, by employing moist hydrochloric acid gas 
as his hydrojysing agent, obtains alovg with 'glucose an unknown 
carbohydrate, which on further treatment in an autdlilave is trans- 

‘■“3 Hefv. Ghim. Ac,ta. 1921. 4. 700 ; J., 1921, 7644. 

V)mn. Soc. Tram., 1920,117, 1489 ; J., 1921, 76a. 

Z. an^ew. Cltcm., 1921, 84, 17; J., 1921, 158a. 

GeUuhsecImmie, 1921, 8, 1; J., 1921, 158a. 

. Naiimima., 1921, 9, 237 ; J., 1921, 704a. 
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formed into glucose.* Ho assiunostluitthe cellulose forms an additive 
compound with hydrochloric acid during,the first sftige of the 
hydrolysjs and hopes to obtain eventually a qhantitative hydrolysis 
of cellulose by incrca.sing the amount of hydrochloric acid employed. 

In examlniijg rcsultV jucviously,obtained by Ost and Wilken- 
ingd’* G. W. Monier-Williamsem 2 )]oying fheir method of hydro¬ 
lysis with 72% sulpliurio acid, has succeeded by careful treatment 
of the products of hydrolysis, in i.solating a yield "of crystalline 
glucose corresponding to nearly 91% of the amount theoretically 
obtainable. This result is interesting in view of the observation 
made by Irvine and Soutar, and in that such a high yield of crystal¬ 
line glucose has never been pre- iously obtained by the hydrolysis 
of cellulose. 

K. Hess^ W. Wittelsbaeh, and E. Mes.smer'*'’ have extended 
acetolytic methods of examination to the etliyl ethers of cellulose, 
isolating and examining the jiroducts of the reaction. They find 
that in the first stages of the breakdown, gradual depolymerisation 
of the molecule takes plaee, and ^)ut forward some mteresting 
theories *of probable changes analogous, they suiipose, to those 
occurring when cellulo.se is treated with •cuprammonium 
solution. 

The Induction of methyl deri*'ativcs of t;ollulo.se and starch by 
Denham and Woodhouse'“ oijcned up a new field in cellulose 
chemistry, and the subsequentVsearchos by various investigators 
on these compounds and their hydrolytic cleavage products has 
done much to broaden our (ionception of the probable structure 
of the cellulose complex. In continuation of earlier work, W. S. 
Denham 1 *- has^njw succeeded (by repeated methylation of alkali 
cellulose, ](ising dimethyl sulphate) in producing methyl ethers of 
high mc#oxyl content (up to 44-6% OCH 3 ), closely approximating 
to that,of the theoretical ti'imethylcellulose (46-6% OCHa), with 
a minimum degfadation of the cellulose as evkienced by the low 
copper reductioR figures and retention of fibrous structure. Hf 
finds that? introduction of the methyl group into cellulose does noi 
confer solubility in volatile solvents, ahd that with increase ii 
methoxyl content, the solubility of the material in cuprammoniun 
solution decreases. Products containing 40% OCH 3 are eompletel] 
insoluble. 

In connexion with the preparatiem of the higher alkyl ethers of 
cellulose, it is interesting to sote that L. Lilienf^d“*,has patented 

Chem-feit., 1910,*84, 4«1» 

Ohem. Soc. Trans., 1921,119, 803 ; J., 1921, .ISOa. 

Z. amjew. Chem., 1921, 34, 499 ; J., 1921, 688a. 

>“ Soc. Trans., 1913, 103, 1735; 1914, 108, 2367 ; 1917, 111, 

244 i J., 1913,974 ; 1914, 1084. 

Ibid., 1921,119, 77 ; J., 1921, 21lA. 

•“ E.P. 149,320; J,, 1922, 53a. 
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a method for the production of'tho more highly alkylated methyl, 
ethyl, bentyl, etc. ctljera of carbohydrates ^including cellulose, 
starch, dextrin, lichcnin, and inulin) by further alkylation of the 
lower alkyl comjiounds in absence of, or in presence of only small 
amounts of water, regulating the amount ''of alkali employed. 

It will be remembered that Pictet and his co-workers have 
provided new methods for the dcgradational examination of carbo¬ 
hydrates by distillation in maw. J. Reilly,employing 
Pictet’s method, has subjected methylcelluloses to vacuum distil¬ 
lation. A series of these .substances, prepared by the method of 
Denham and Woodhou.se, anil containing respectively 25%‘il, 28-1, 
33-4, and 43-7% mcthoxyl (the fir.st three products corresponding 
approximately with di-, and the fourth with tri-incthylcellulose) 
were examined. The comjround containing 28-1% of methoxyl 
gave on distillation fi)% of a })roduct ajiparently containing a 
dimethyl-lajvoglucosan. which, when hydrolysed, yielded dimethyl- 
glucose. Reilly regards this fact as supporting Pictet s i'iew.s that 
the cellulose molecule contains a licvogluco.san grouj). 

The subject of hevogluco.s'an is still 'leceiving atterf'tion. J. 
Reilly**® has obtained thi.s substance by the vacuum distillation of 
sucrose. A. Pictet and J. Reilly*** have jrrepared larvulosan 
and have examined cci'tain of its jrroiierties, obtaining a trinitrate, 
a triacetate, and a tribenzoate, facts which jroint to the existence 
of three hydroxyls of alcoholic charaJeter in the molecule. Questions 
bearing on the structure of the anhydro-sugars closely allied to 
Imvoglucosan and on the properties of these compounds have been 
investigated by A. and J. Pictet,**® P. Karrcr, R. Widmer, and 
A. P. Smirnov,**® and P. Karrer.‘®“ A new mctluxl for the prepar¬ 
ation flff lajvoglucosan, which, prior to its isolation by Pictet in 
the distillate from carbohydrate.s, had only been obfc.ined by 
hydrolysis of certain glucosides, has bem devised by P. Kajuer and 
A. P. Smirnov,*®* i<ho by treatment of ruietobromoglucoso with an 
aleoholic solution of trimethylamine, followed by Saponification of 
'.‘he acetyl groups with an alkali or alkaline-earth solution, obtain 
a quantitative yield of thfe suostanec. 

J. C. Irvine and J. W. H. Oldham’®® examine the relationship of 
lajvoglucosan to glucose and to cellulose. In'a critical review 
of Pictet’s Work, they point out that ow'ing to the complexity of 

*** Hein. Chini. dcra, 1918,1, 187 ft eeq. 

Ibid., 1021, 4, 616 ; J., 1921, 540a.* 

J., 1921, 249t. ♦' 

**’ Hdv. Ghim. Acta, 1921, 4, 613; J., 1921, TiSOa. 

**» Ibid., 1921, 4, 788. 

**» Ibid., 1921, 4, 796. 

*»» Ibid., 1921, 4, 811; J., 1921, 785a. 

^^\Ibid., 1921, 4, 817 ; J., 1921, 785a. . 

i *“ Cfem. Soc. Trans., 1921, U9, 1744; J., 1922, ^7a. 
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changes occurring 4uring the decotoposition of carbohydrates by 
heat, it is not reasonable to suppose that the degradaticgi products 
obtained bear deflnltef structural relatioifthips to the original 
substances examined and that the views of Pictet, who supposes 
that cellulose and stardj are polymeridos of Imvoglucosan, and who 
proposes radical changes in the accejttod formulae for’certain natural 
glucosides, are not justifiable. Assuming that, <as Pictet suggests, 
cellulose is a pol 3 Tnerised laevoglucosan, trimethylcellulosc must 
be regarded as a polymeride of trimethyllaevoglucosan, in which 
case the trimethylglucoses obtained by hydrolysis of trimethyl- 
cellulose and trimethyllaevoglucosan will be identical. The authors 
have prepared and examined those substances and find that the 
trimethylglucose from trimethylcellulose is totally different from 
that obtained from methylated tevoglucosan prepared by Pictet’s 
distillation* method. As the result of th(*e and other investi¬ 
gations, they are of the opinion that there is no structural relation¬ 
ship between cellulose and laevoglucosan. They show that laevo¬ 
glucosan is 1 0-/J-glucose anhydride, and- sugge.st the expression 
“ ^-glucoKan ’’ for the elder name.* fl’hey agree with Pictet’s'®’ 
formula for the substance with certain reservations, pointing out 
that his explanation of the isomerism displayed by the so-called 
d- and 1-glucosans, in which he regards both anhydrides as derived 
from the same form of glucose, is*most im probable. They suppose 
the d-compound to be an anhydride of^a-glucose just as the I- 
compound is now shown to be the I .O-anhydridc of jS-glucose. 

One of the most recent papers dealing with the general aspect 
of cellulose constitution is that of A. C. von Euler,’®‘ who, in the 
course of a discussion on the salient facts bearing on the subject, 
puts forward nfw* formulae for both cellulose and cellobiosii Two 
modificajp)ns of the cellulose formula, which, though containing 
the p-dioxan ring of Green’s formula, admits of a chain of hexose 
molecules of anyjdesired length, are proposed. K may not, however, 
satisfactorily explain some of the points connected with the methyl- 
ation of sellulose :— 
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Two types of oxygen linking^ are,represented in the formula, 
{a) being of the ether type, and (i) a semi-acetal combination, 
which, on addition of t!ne elements of watei* (a!nfl subsequent fission 
in the latter case), would split to give : CH OH'-f -CH'j.OH and 
:CH-OH -|- respectively. I ^ • 

Cellobiose is represented as ‘ 

CHj—(CH-OH),—CH : () 

(a)i 

CH—C!H.OH 

I 

which, it will be noted, is similar to the formula proposed by 
Haworth and his co-workers,’''*' with the exception of,the type of 
oxygen linking and tfic arrangement of the carbonyl groups. 

Cellulose Degradation Products. 

The facts relating to the formation aipl properties ot cellulose 
mucilage have been extensively examined by J. F. Minor.’"® It 
has been suggested that hydrocellulose is a cellulose aggregate 
containing adsorbed ,product‘f of decomposition. Mucilage is 
stated to differ from hydrocellulose in that it contains a larger 
proportion of soluble adsorbed deytrins, and in its formation the 
presence of these substances is assumed to catalyse the hydrolytic 
decomposition of the parent cellulose. It has a highly-coUoidal 
character and its probable formation during the dyeing of cellulose 
materials may explain some of the effects obtained. 

The assufiiption that hydroceUplose is an aggregate of cellulose 
and cSlodextrins is refuted by H. Ost and B. •Bretscjineider,’"’ 
who, as the result of experimental evidence, consider it to be a 
normal decomposiijon product of cellulose ; this view is supported 
by H. Pringsheim,’"* who, from consideration of«thc most recent 
work on cellulose structure, suggests that the hydrolytic rupture 
f)f the anhydroglucose ring would give rise to reactive products 
3ueh as hydbo- and oxy-cellulose. C. G. Schwalbe and E. Becker 
have examined the properties of three varieties! of hydrocellulose 
and find tTijs., substance to be loss acid than oxycellulose and to be 
more easily attacked by alkalis. They have also investigated the 
resistance to alkajis', copper numbers, furfurg,! yields and acidities 
ef four varieties of oxycellulose, corrfclating, the results, and note 
that whilst the amounts of furfurfi,! produced are practically 

Chem. Soc. Tram., 1919, 116, 813 ; 1*921, 119, 193. 

J. Ind. Mnff. Chem., 1921,13, 131 ; J., 1921, 17£iA. 

Z. angew. Chem., 1921, 84, 422 ; J., 1921, 654a. 

Ceiiutoset/iemie, 1921, 8,67. , 
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constant throughout the scjics, Aarked variations arc observed 
in the ease of the other three factors. It ip claimed that otcycelluloses 
of both acidic and ffldchydic characters have been identified. 
They have made flirthcr investigations on the action of barium 
hydroxide on^oxycelli&ose, K. Becker having shoi\'n in a previous 
communication'*" that oxycelUdose-barium compounds can be 
formed, and employed for the recognition of the substance. A 
new test for oxyccllulose'"' is suggested, based on the fact that 
when suspended in water it reacts either alone or in piesence of 
sodium chloride, with methyl orange, pi odueing a (ioloration which 
varies from orange to dark red. This reaction, which is not shown 
by normal cellulose or by hjd. oce.llulose, has been employed as a 
quantitative method of estimation. 

A. J. describes a modification of the well-known silver 

reduction test for oxyccllulose, which is claimed to give good 
results for the detection of this .substance in cotton fabric. In 
examining the action of diazotised aromatic amines on various 
substances, A. E. Everest and A. J. Hall'*" state that oxidised 
cellulose^is capable of rc'acting with‘'dia7.otised amines of the benz¬ 
idine type to form azo-compounds, a reaction not idiown by normal 
cellulose. 

E. Knecht***has examined the dyeing i)ro])crtics of an oxyceUu- 
lose obtained by oxidation of cellulose with jiotassium perman¬ 
ganate and suljihuric acid, nof.mg that When dyed from an alkaline 
bath it destroys direct cotton dyestuffs, witliout taking up any 
colour. It is dyed, however, by non-reducible dyes of the Primuline 
type, and on prolonged boiling in these solutions is removed. The 
dyeing properf^e^ of this particular oxyccllulose may* be restored 
on treatiig with stronger solutions of alkali. In a subsequent 
paper -w^h F. F. Thompson'** he states that cotton tendered by 
sulphusic acid shows the dyeing reactions of oxyccllulose, 
the effect bcingJJuc to the fixation of sulphur in some form by the 
cotton. It may be' distinguished from oxyccllulose in that its 
fibrous structure is destroyed, its .affinity for basic dyes is increasedj-* 
and on boiling with sodium hydroxide solution its affinity for direct 
cotton dyestuffe ip not restored. 

The action of hydrogen peroxide on cellulose has_ljc<;n investi¬ 
gated by R. Haller,'** who finds that most vegetable fibres are 
degraded on prolonged immersion in*30% solutibi^ of this substance. 

• 

Zdhlojfu. Papief, 1921,«, 3; J., 1921, «r.3A. 
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'** /Wd.,,1921, 87, 76 ; J., 1921, 255a. 

'** im., 1921, 87, 270 ; 1921, 841a. 

Text.-Forsiihung, 1920, 2, 79. 



138 


REPOBp OF THE FSOOBESS OP APPLIED CHEMISTKY. 

He establishes the formation of a ctihulose peroxide as an inter¬ 
mediate prwiuct in the renction, which may be accelerated by the 
presence of chromium and certain dyestuffs. Alumina acts as a 
retarding agent, and its uhe in protecting fabr'ies against the des¬ 
tructive action ,of laundering agents contai^iing peroxides is sug¬ 
gested. 

V. Lcnher’®’ finds ttiat selenium oxychloride does not attack 
cellulose or hydrocellulose substances. 

Schulze's “ hemicellulose theory is discussed by E. Salkowski,“* 
who, in the coursi! of a criticism, emphasises ihe need for a clear 
definition of the term. In an article on the examination of ccllu- 
lo.ses, E. Lenze, B. Pleus, and .1. Mueller““ advocati' determination 
of oxy- and heniiceliulo.ses in .special circumstances. Hemieelluloses 
are estimated by hydrolysis, followed by separation of the mannose 
as the p-bromo))henylbydrazone, and the oxycclluloses obtained 
by diffei'ence after removal of the hemieelluloses. The occurrence 
of liemicellulo.s(‘-s])litting enzjnies and the processes involved in 
the animal digestion of hemicellulo.ses are dealt with by A Rippel.i'* 

A. Krogh and H, t). Schnfidt-Jensen”'' have in\estigfited the 
fermentation of ♦ellulose in the paunch of the ox ; their technique 
is criticised by W. Klein. 

J. Grocnewege'” in invcstigatijig th(! -bactcTial degradation of 
cellulose, attiibuti's decomposition to the enzyme cellulase. The 
bacterial decomposition of hemiccliuloses ■ has been examined by 
T. Shimizu.”* 


Celbilose Ethers, Esters, etc. 

The prepanation of cellulose ethers is one of the most interesting 
devclojwients in ceIlulo.se chemistfy during recent^ years. 

Kefercnce has already been made to the more; recent %.'ork on 
the, chemistry of these substances, to a discussion on their ;gpssiblc 
employment in artfficial silk manufacture, and t« the patent of 
L. Lilienfcld.i’= 

H. Dreyfus has protected methods for the production of cellulose 
ethers suitable for the manufacture of celluloid-like masses, kinema- 
tograph films, varnishes, and the like,'’® by suitable treatment of 
specially-p 4 -pared alkali cellulose with dialkyl sulphates or alkyl 

J. Amcr. Chem. iSoc., 1921, 43, 33. 

“6 Z, phyttiol CherA., 1921, 114,*31 ; J., 1921, 4(i6A. 

J. prakt Chem., 1920, 101, 213. & 
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halidos, and suggests the use ijf alkjflated aromatic sulphonamidcs*” 
as solvents for these bodies. He also de^'-ribes the preparation of a 
now class of cellulose deUvativcs obtained by the action of halogen- 
ated glycols, polyhyflrie alcohols or their ethers on alkali-cellulose, 
whereby the rtijiidue infcoduced into the cellulose molecule contains 
one or more hydroxyl groups.*’® ' 

Cellulose ethers appear to form suitable bases for the production 
of plastic masses having high insulating power, great stability, and 
possessing water-resisting ju’operties. C. Leysieffer*’® proposes 
to employ them for the nianufactuie of electrical insulators, and 
the Bayer tIo.'““ claim that \vheu incoiporated with the oily or 
resin-like condensation ci>m))<rinds obtained by the action of 
halogenated alkylbenzenes on aromatic hydrocarbons, the resulting 
jiroduots are suitable for the priparation of insulating materials, 
varnishes, and for use as waterproofing agents. 

K. 0. ller/.og, A. Hildesheimer, andF. Medicus'*' deal with the 
productioi. of nitrocellulose films ,and varnishes with sjK'cial reference 
to the use of solvents and softening agents and their effect on the 
physical Sharacter of the*final product. In an interesting and fairly 
comprehensive article, L. Clement and (!. Itiviere* “** jliscuss cellulose- 
ester varnish technology, with n^gard to the production of varnishes 
for many specific puqioses, and_ give methods for the analytical 
examination of these products 

W. L. Barnett'"** obtains clear and jiolourless acetylcelluloses, 
with minimum decomposiiion of the parent complex, by acetylating 
with mixtures of acetic acid and acetic anhydride, u.sing as a mixed 
eataly,st, chlorine and sulphur dioxide. By varying the ratio of 
chlorine to sulphur dioxide, and controlling the temperature, the 
degree of Jicetyiajlon may be regrtlatcal. Details of a method ior the 
analytic* hyd.-olysis of cellulose acetates are given. 

The Verein f. Chem. Ind. in Mainz **'' describe methods for the 
acetylation or esterification of cellulose, or feebly nitrated cellulose, 
under condition? which allow of only a minimum of liquefaction 
of the product of the reaction during the treatment. 

Methods for the production of chloroform-insolulije cellulose 
acetate are protected (as an addition to an earlier patent*®") by 
the Soc. Chim. des ITsines du Rhone and others.’"® , 

*" E.P. 164,38+, 164,38'., 164,386 ; J., 1921, 54Ua. 

E.P, 166,767 ; J., 1921, 6.74a. * 
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Interesting investigations of rhe acJ;ion of liydrazines on coUulose 
acetate have been made by W. L. Barnett.^®’ By heating di- and 
tri-acetylcelluloses wifh pheuylhydrazine 'or ^-hromophenylhydr- 
azine, in suitable solvents, he obtains comiidunda of the ketose- 
hydrazone typp, of definite fnclting poinfii* Fromj.a study of the 
nitrogen and bromine contents 'of these subslanees he assumes that a 
progressive degradation of the eellulo,so eomi)lex takes place, and 
that by rupture at the oxygen linknge.s, compounds containing 
active ketonic groups arc produced. 

The, British Cellulose Co., J. F. Briggs, and C. W. Palmer'*® find 
that treatment of acetate silks, in various forms, with solutions of 
thiocyanates (ammonium thiocyanate is speciallj' mentioned) 
results in increase of the absoiptive power of the.se materials for 
dyestuffs. In a later patent, the British Cellulose Co; and J. F. 
Briggs'®“claim to incT('‘asc the affinity for dyes of articles made from 
the lower acetates of cellulose, by subjecting them to a superficial 
hydrolysis with alkalis. This may be effected during dyeing, 
by addition of caustic soda to the dyebath (using dyes which are 
not affi'cted by this reagent), hr may be caVried out prior to dyeing. 
It is stalled thal, any desired .shade of colour may be obtained by 
varying the degree of hydrolysis. Crepe effects ai'e stated to' be 
obtained on filaments and threads of acetate silk by treating them 
with solutions of ammonium thiocyanate or acetic acid under 
suitable conditions.’*® , '■ 

There arc few tlevelopments to record in connexion wifh the 
production, utilisation, and properties of the nitrocellulo.ses. 

Graphical methods for the simplification of calculations involved 
in the prepf^ation of nitrating acid mixture.s for the, manufacture 
of nitrocotton are described by R.' A. Fowler.’®' ',' 

The employment of viscosity measurements as an indication of 
the stability of nitrooclluloses is proposed by J. Duclaux,,’*® who 
finds that a relation exi.sts between reduction in vvseosity and loss 
of weight occurring when nitro<'.ellu]o.se is heated.* 

^ G. Carlsson and E. Thall'*® propose to reduce the viscosity of 
nitrocellulose solutions by heating them in an autoclave, the 
required viscosity being obtained by regulation of the temperature 
and time pf heating. * 

An intere.srnig paper on the action of light on nitrocellulose is 
contributed by B. Hcmolka,'** who states that nitrous acid, liberated 

'*’ J., iit2V bit.” 
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as the result of its.photochejnical‘decomposition, can be detected 
with 9-aminophenanthrene (with whi(^ it reacts to» give 9.9'- 
azoxyphenanthrcn^)‘afld makes use of thTs fact to obtain a red 
photographic imagd on a specially-prepared collodion paper con¬ 
taining this indicator. V 

Theories of nitrocellulose constitulion are discussed and advanced 
by G. de Bruin,”"' who also gives details, with graphs, of experi¬ 
mental results bearing on ether-alcohol solubility, stability and 
nitrogen content, obtained during an examination of nitrocelluloses 
prepared on a technical scale. There is .stated to be no relation 
between ether-ak'ohol solubility and nitrogen content; on the 
other hand, stability is found lo decrease with increasing nitrogen 
content. The author makes reservations concerning the interpre¬ 
tation of these results, 

• 

Numerous patents have appeared dealing with the preparation 
of alkali-cellulose, and the production of viscose therefrom, but the 
majority oresent no very novel features. A process for the rapid 
manufacture of a matured alkali-e.ellulosc is outlined by A. Thil- 
many.'“'‘ who propo.ses “to digest cellulose with alkali in vaeva at 
a high temperature. (.'. k. Stulemcyer'*’ also claims a vacuum 
impregnation treatment in preparing alkali cellulose, and states 
that the action may be accelerated by increasing the gas pressure 
to 3-4 atmospheres after the initial vacuum digestion.^** 

W. L. Barnett'*" h.as inve.stigated the action of chloro-acyl 
chlorides on cellulose and examined the properties of the products 
obtained. 

The Akt.-Ges. f. Anilinfabr.*"" propose to acetylate nitrocelluloses 
of low nitrogen c*mtcnt obtained by the combined aeftion of nitric 
acid ar^ nitro'ienzene on cellulo.se, employing for the purpose 
acetic acid-acetic anhydride acetylating mixtures with bromine 
or other suitable substances as catalyst. By treating mercerised 
cellulose with cljoracetic acid or its homologues in presence of alkali, 
the Deutsche Celluloid Fabrilc of Eilcnberg**' claim to obtain 
water-soluble salts of cellulose-acetic (or other) acid, which arS" 
suitable for use as glue and gelatin substitutes. " 

As in late years the patent literature contains many claims for 
the production of plastics from cellulose esters, and a..rariety of new 
solvents for those substances are proposed. Amongst the more novel 
may be mentioned njcthylene chloride, eyclohcxc.nc, its homologues 

I , 

*»* Rec. Tfav. CUm?, J92J, tO. (i.12 ; J., 1921, 903.1. 

G.P. 328,03.5; J., 1921, 175a. 

E.P. 167,199 ; J., 1921;' 689a. Niederl. Pat., Q. 29b, 13^,798, 1919. 

'»» E.P. 167,201 ; 1921, 689.1. 

'•» J., 1921, 253t. 

E.P. f45,624 ; J., 192J, 577a. 

*»' G.P. 332,203 ; A, 1921, 344a. 



U2 


EEPOBTS OP THE PalOOKESS OP APPLIED OHEMISTBY. 


and isomers, aromatic sulphonamiiijps, and a variety of mixed 
solvents. ■Naphthenic acid and acetin (free from monoacetin and 
acetic acid) figure in certain jilastic compositions. 

Wood, Stbaw, Etc- 

An enormous amount of information bearing on the science and 
technology of wood, and on the utilisation of this and allied veget¬ 
able products as a source of cellulose, has appeared during the year. 

The structure of pine wood has been exhaustively examined by 
A. Abrams,who, employing microchemical methods, has deter¬ 
mined the relative resistance of the various tissues to a number 
of reagents. 

The properties of lignified tissue have been the subject of further 
investigations. In investigating the absoiptivo power of plant 
tissues L. Rosenthaler finds that lignified membranes take up 
both ferric and ferrous salts, the former to the gieah'r extent, 
whereas those compo.scd of cellulose do not absorb these substances. 
P. t'asparis*"* has compared the absoiptivc power of lignified and 
non-lignificd cell walls for certain acids, bases, and salts, ami suggests 
the use of solufions of cobalt thiocyanate as a test for lignified 
matter, with which it gives a blue colouration. A'anadie. acid is 
stated by J. Gruss““‘' to react with lignin, producing a yellowish 
brown colour, which is destroyed by ammonia, but may be intensified 
on treatment wdtli chroiirc acid. The addition of phosphoric acid 
to the vanadic acid is said to aid the reaction. 

E. t'. (hooker sugge.sts that the colour reactions developed on 
treating lignified tissue with phloroglucinol and p-nitraniline are 
due to the jiri'sence of aldehydes invariably associated with this 
material. It is .stated that Maule’s test may be dscH to distinguish 
between deciduous an<l coniferous woods. The formei^develop 
a bright red, and the. latter a faint brown coloration when sub¬ 
jected to the reaction. . ‘ 

The constituents of sulphite waste lye, with Special reference 
to the mode of occurrence of o-lignin, have been examined by 
K. H. A. jllelander,®'’" w'lio, from analyses of the free, so-called 
“a-lignin sulphonic acid,” concludes that the existence, of a well- 
defined suiphonic acid cannot be assumed. In h later communi¬ 
cation he -gives details of the preparation of a number of com¬ 
pounds of this substance with, aromatic amino compounds, and 
concludes that its acidic character is due to the sulphur-containing 

““ J. Ind- Eng. Ohem., 1921, 13, 78e ; 1921,*7.11 a. • 

Ber. Deuts. Phartn. Oes.^ 1921, 31, 27. 

Pharm. Monats., 1920, 1, 121, 137, 153 ; c/. J., 1921, 343a. 

Be.r. hot. Ocs., 1921, 38, 301. 

J. M. Eng. Ohem., 1921, 13, 62.7 ; J., 1921, 654a. 

Cellulom-lwm., 1921, 2, 41 ; J., 1921, 465a. 

. Ibid., 69; J., 1921, 621a. 
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group. He is also, of the opinioif that a-lignin is a mixture of 
substances derived by degradation of a jiarent .substance originally 
present in wood. * * • • 

Methods for the Isolation of lignin from winter-rye straw have 
been examined by H.’JJcokmann, O. Liesche, and J'. Lehmann,*'” 
who, from consideration of results bf molecular weight determina¬ 
tions, methoxyl estimations, and examination of various benzoyl 
derivatives, ascribe to it the formula (l 4 „H 44 (),r„ in which the 
existence of four methoxyl and four hydroxyl groups is assumed. 
The molecular weight is found to be 7()4’ti, and tin; equivalent 
weight, 3H2-3.**" This latter result is subsequently discussed, 
in the light of hi.s own results by K. Paschke,'-"’ who finds that 
lignin obtained from straw by treatment with sodium carbonate, 
differs in oxygen content from that obtained by the Beckmann- 
Liesche process. * 

The mechanism of the sulphite treatment of wood has been 
examined by P Klason,*'* who states that the reactions involving 
the removal of lignin by the sulphite are influenced by the hydrogen- 
ion (»no.ntration of tltc' liquor. Methods for the estimation of 
lignin are discus.sed by H. Krull,*’" who employ# digesfion w'ith 
hydrochloric acid gas for the purpo.se. 

No new metluxls for tin' deterfnination of (icllulose appear to 
have been dovi.sed. 'Phe relative merits of several well-known 
processes of oi'llulose e.stimati»n are considered and criticised by 
B. Johnsen, iS. A. Mahooil, and W. H. Dorc.*” F. Herig*” gives 
a description of a convenient form of ajiparatus for the carrying 
out of the tVoss and Bevan chlorination treatment. Problems 
bearing on the removal of pentosans from wood ccljjilose,*” and 
on the nature* ol the residual «iaterial after its trea tmest with 
alkali,*'v'are d .all with by E. Heuser and E. Boedeker, and by 
(1. G. Schwalbe and E. Becker. 

U. l^omilio*’% gives details concerning the uitc of chlorine in the 
small and largcf scale preparation of pure cellulose. Solutions of 
chlorine peroxide in aqueous and volatile solvents are employed by • 
E. Schmidt*** as agents for the scparati<jn of pure cellulose from 
wood. 

Z. nmjrir. Chnn... IMl. 34, 28.1: ./., 1921, .WUa. 

. Bioi-hetii. Zeilx., 1921, 121, 29.'t: nf. 1921, 7:i2A. 

*** Z. (mjtw. Chem., 1921, 34, 405 ; V., 1921, 732k.^ 

*** Bvenyk Kcm. Tfaskr., 19*1, 33, 141. 

*** Papi(r»:br.. 1921» 19, 12^1. l>f>. 

*** J. 1ml. Zng. Chan., 1921,13, 3.78. 

**■' CHhdoseohem., 1921, 2.714. 

**' Z. anqew. Gke.m., 1921, 34. 461 ; J., 1921, 088a. 

**’ Zelktoffund Fapicr, 1921, 1, 93 ; J., 1921, 731a. 

**» Ohimfet Ini., 1921, 6, 267. 

*** G.P. 331,907 ; J., 1921, 295a ; c/. J., 1921, 764a. 
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P. Waentig and W. Gieriscn describe the chlorination, and 
subsequent'treatment of 'vood shavings for cellulose and fibrous- 
material production. 

New reagents for the preparation of cellulose from wood have 
been employed by R. Hartmuth,2“ who proposes to use a treatment 
with phenols and phenolic substances, W. Rchlosser,“® who protects 
a process involving condensation of the non-cellulose impurities 
with primary and secondary aliphatic and aromatic amines, and 
R. Schwarzkopf,'*^^ who subjiats the raw material to the action of 
inorganic and organic acid chlorides. Details of an extensive 
series of analytical examinations of wood cellulose are given by 
F. Lenze, B. Pleus, and J. Muellei .™' 

Numerous investigations of woody and other sources of cellulose 
have been made. B. Rassow and A. Zschenderlein,^=‘ in a paper 
on the composition of hemp wood, discuss tlieir ow'n analytical 
results in comparison with those previously obtained by C. G. 
Schwalbe and E. Becker.--* They suggest, from several consider¬ 
ations, that pentosans are intermediate products in the natural 
synthesis of lignin. 

P. Klason*®’revises earlier figures obtained during an analytical 
examination of spruce wood, stating that ho now finds the compo¬ 
sition to bo : cellulose (free from p(!ntosans), r):?% ; hemicellulose, 
15% ; lignin, 30% ; other sub,stances, 2%. The composition of 
reeds (Phragmites communis) has bAen inrestigated by E. Herig,*** 
with special reference to the presence of silicic acid in their tissues, 
and its removal during the various processes in the manufacture 
of paper from these plants.^* 

M. Ishikawa*** describes the examination o/ “Ashi” fibre, 
obtained from a Japanese reed. It resembles straw;in microscopical 
and chemical characters, and in its reactions. Results of "analyses 
are given. 

An almost pure specimen of xylan has been obtained from straw 
cellulose by E. Houser.**’ who has also studici^ its hydrolysis, 
obtaining a 60% yield of xylose. Examinations of the dontent of 
soluble caibohydrates present in pinewood felled at different 

220 g'cxtil-Forsch.f 1920, 2. 09. 

G.l>. SWO.! ; J., 1921, U+o. 

“ G.P. .228,729 ; J., 1921, MIa. 

“ G.P. 328,730,-. J., 1921, 114a. 

J. prak'. Chem., 1921,101, 213. 

Z. angew. Chem., 1921, 34, 201 ; ./.,.192], h'ifiK. 

**• Ibid., 1919, 82, 120 ; J., 1919, 408a. 

Svetisk Pappers-Tiilning, 1921, 24, 7. ' 

CeUuhseehem., 1921, 2, 25 44 ; J., 1921, 382a, 4e.5A. 

Ibid., 1921, 2, 44 ; J., 1921, 465a. 

J. Chem. Ind. Tokyo, 1920, 23, 1153 ; /., 1921, 113a. 

Papierfabr., 1921,19, [22a], 79. 
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times of the year {lave been madft by S. Sehrnidt-Nielson,-” who 
has obtained evidence of the presence of ^8% of xylose i* an extract 
prepared from wibferffelled pinewood. W. H. Peterson, E. B. 
Erod, and J. H. Vethulst^’^find that crude xylose syrup is readily 
fermented under suitabje conditions of hydrogen-ion concentration 
and calcium carbonate content of tlfe medium, by 71. acetoeihylicum, 
with production of acetone, ethyl alcohol, formic and acetic acids. 

Laboratory experiments on the production of methyl alcohol 
from lignin obtaineel as a by-product of wood extraction have been 
made by E. Heuser and H. Schmclz,““* who find that the greatest 
yield of methyl alcohol (about 15%) is obtained by dig(!sting the 
material with dilute hydrochlo.'ic acid under a pressure of from 
5 to 6 atmospheres, for two hours. 

In the course of an investigation of humus formation, V. A. 
Beckley ““ has made experiments to determine if the decomposition 
of cellulose by an organism, Spirochwla ci/tojiJuiga, which he found 
in rotting straw, results in production of hydroxymcthylfurfural, 
and has obtained negative re.sults. Studies of the digestive action 
of the fungus, Xylarict Hypoxylor?, on isolated <!onstituents of 
cell walls, show' that of a number of substances «amined, pectin 
and xylose are the most readily attacked, whereas starch and xylan 
are comparatively resistant. Xhe experiments w'cre made by 
(I. L. Gatin and M. Molliard,“‘ who find that lignin is also decom¬ 
posed by the organism. • • 

The constituents of cork and cutinised tissues hav'e been the 
subject of an interesting scries of investigations by J. H. iVic-stlcy 
and his co-workors.^” In the course of the investigations, experi¬ 
ments have btj'n,, nuide on the waterjmoofing action* of salts of 
phellonic .^cid. 

0 

, Wood Pulp. 

• 

Various articlss have appeared in the technical journals dealing 
with extejisions of the pulp industry, and with the establishment 
of now technical schools and institutes far the prosccul^on of pulp 
and paper research. , 

Several new materials have been examined from the 
point of view of pulp production, but little of-Tiny speeial 
interest has appeared. Details of 4 !xaminations of, and methods 
for the manufacture *of pulp^from papyrus, are given^by R. E'our- 

Tehi. uiceoiatl, 1 U 2 U, #7, ssi ; a., iU21, 342 a. 

“ J. Ind. Eng. Chem., 192>, 13, 757. 

CeUulosecItem., 1920,1, 6 ; J., 1921, 41a. 

J. Agric. Sci., 1921,11, 69; J„ 1921, 232a. 

Rev. Ghhi. Rot., 1920, 88, 21C. 

“ New PhytohgUt, 1921, 20, 17. 



140 


REPORTS OP THE PHOORESS OP APPLIED CHEMISTRY. 


nier.*®* S. D. Wells has made bojling trials of oat hulls and 
examined their suitability, for conversion into straw boards and 
paper. C. Groud®*“ reviews the possible litilisation of the barks 
of plants of the mallow and mulberry families. The sulphate 
treatment of bamboo, and the qualities of«'che products obtained 
therefrom arc dealt with by J. Stevens.^" 

The mechanism of the various processes proposed for the pulping 
of Ugnifiod matter are discussed by 0. C. Schwalbe,who from 
economic considerations holds that the hydrolysing agents used 
in the present sulphite and sulphate treatments arc the only satis¬ 
factory ones at present available. Analjiiical methods for the 
control of the sulphite process are proposed by B. Sicber. He 
recommends methods for the determination of free and total acids,’*“ 
and lime“‘* in sulphite liquors. He suggests measurement of the 
digestion of the pulp by determination of the chlorine absorbed 
bj samples from a standard solution of bleaching powder.^*^ A. 
Chambovet®*® has pointed out that as organic acids are produced 
during the boiling process, acidimetric titration of the sulphite 
liquor during cooking docs nof give a true'measure of the'free SOj. 
He outlines a scheme of analysis involving the physico-chemical 
separation of these substances. 

Rapid methods for the Qontroh analysis of sulphate liquors are 
proposed by G. K. Bergman,®” who employs a suitably-arranged 
series of alkali and sulphide determinations. B. N. Scgerfelt®®* 
gives a description of the Rinman modification of the sulphate 
process, which involves cooking with a weak solution of caustic 
soda, in presence of a reducing agent (preferably mercury) at a 
temperature'not exceeding 170° C. , , 

Numerous accounts of investigations of the efficiency of the 
processes in pulping have appeared in the various jouiSals, and 
speeial attention has been devoted to examination of tht steam 
consumption in the boiling and drying processes,!' In these con¬ 
nexions attention may be directed to the papers of H. Brahmer,®** 

La Pifipeterie, 1921, 43, 386. 

•"» Pulp and Paper May., 1921, 19, 1139 ; J.. 1921, 882a. 

®‘» Le papier, 1921, 24, 4. 

Papenduduatry, 1921, 3, 84. 

ZeOstoff und Papier, 1921,1, II ; J., 1921, 6,53a. 

Svensk Pappera-Tidniny, 1920, 23, 418 ; Paper, 1921, April 6, 24 ; 

J., 1921, 382a.. 

®** Zellstoffchem, Abhandluugen, 1920,1. 1. ** 

ZeUstoffehem. Abhandlunyen, 1920, 1, 53 ; Paper, 1921, April 6, 17 ; 
J., 1921, 382a, 

La Papeterie, 1920, 42, 866, 914, 966. 

Ptdp and Paper Mag., 1921, 19, 11. 

•“ Pulp and Paper Mag., 1921, 19, 462 ; J’apcr Ind., 1921, 3. 96, 

I Svensk Pappera-Tidning, 1920, 23, 269. 
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H. Alfthan,2‘» and. to a coqjimunicatioii from the Swedish Paper- 
Pulp Office, in which economy in heat iiti^sation is discussed.''® 

The decay of pulp wood, its effect on the consumption of the re¬ 
agents employed in pulp manufacture, and on the yields of pulp 
produced, haj hecn o;«haustm'ly examined by E. Sutermeister.*“ 
,T. S. Bates“’ gives details of sulphite boiling tests carried out on 
average wood, infected wood, and chipper dus.t, as the result of 
which it is stated that infeefa^d wood may be used for sulphite 
pulp production if decay is limited to discoloration, and that 
chipper dust pulp might he satisffictorily blended with ordinary 
sulphite pulp, and so utilised. 

C. Kress has studied the action of the various moulds and 
fungi commonly found on p\dp-wood and pulp, and has examined 
papers ma^le from infected material. Inve^igations on the preser¬ 
vation of pulp wood and pulp have been undertaken by the American 
Paper and Pulp A,ssoeiation in conjunction with the U.S. Forest 
Products .baborfitory. Of the substances so far examined only 
borax, sodium fluoride, and sodium,dinitrophenolate proved to be 
commercially applicable.*’® 

Comparative estimations of lignin in samples of unbleached, 
shredded Mitsohorlich sulphitc-ceUulosc have, been made by E. 
Heuser and G. Wenzel,*’* wher discuss the relative merits and 
demerits of the methods employed. The grading of wood celluloses 
on the basis of lignin content is suggested by H. Krull,*” who, 
in the course of interesting analytical results obtained during an 
examination of tyjflcal pulps, gives the following figures for the 
lignin content of Mitscherlich and Ritter-Kellner puljis;— 


Horcl'*. 

Normal 

Soft (easy bleaching) 
Bleached f. 


Mitscherlich. Kitter-'Kellner. 
C-d—7-0% .. 7-i;— 9-5 

S-S—(i-0 .. 6-S—7-6 

r.-O—.I S , .. 4-5—6'5 

1 - 0 — 2-0 .. - 


He propascs to judge the chemical condition of pulps by their r 
“ corrected ” copper values. 

A dye test for distinguisliing between unbleached sulphite and 
sulphate (Kraft) pulps is described by R. E. Lofton and M. F. 
Merritt,*’* who make use of the differential staining effects obtained 

”” Papierfahr., 1919, 19, 057 ; /., l!)21, 823 a. 

Svensk Pappers-Tidning,*1921, 24, 30. 

» Pulp am Paper Slag., ioiei, 19, 687 ; J., 1921, 540a. 

“* Ibid., 1921, 19, 733 ; J., 1921, 576a. 

*“ Ibid., 1920, 18, 1225 ; 3., 1921, 7Ga. 

*“ Paper, 1921, July 20, 20 ; J., 1921, 577a. 

”• Papierjabr., 1921, 19, 1177; J., 1921, 807a. 

*“ Ibid., l921,19, [22 a], g5; J., 1921, 883a. 

”* Techn. Aaeoe. Pulp and Paper Ind., 1920, 8, 1; J., 1921, 343a. 
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on treatment ivitli a froslily prepared mixture oi aqueous solutions 
of Malachite.Green and Fu9hsine. 

M. G. Kotibhasivor^'^lias evolved a new method for determining 
the amount of mechanical wood in mixed pulps and papers. The 
process consists essentially in treating the nvUerial to he examined 
with a weak acid solution of p-nitraniline until absorption of this 
reagent by the mechanical wood is complete ; the excess of p-nitr- 
aniline is then obtained by adding a laiown excess of titanous clilor- 
ide solution, and titrating back with standard iron alum solution. 
The method is .stated to be only apjdicable when the amount of 
mechanical wood in the sariqde exceeds 20 %. For determination 
of amoimta below this figure he reeommend.s the well-known 
colorimetric method of G. F. Gross. 

K. G. Wilen-™ describes a method for testing the strength of 
Kraft pul])s. The 2 no( 3 fss invoh es screening and beating the i>uli) 
under standard conditions, and the 2)reparation of .sheets, which are 
tested on a Mullen maeliuwx Recommendations conceming the 
expression of results ai-e made. 

1 . lFa,s7r IJqiuir. 

The utilisation of waste liquor still continues to form the subject 
of numerous articles and 2»atent.s, afid, while many of th(! suggestions 
present considerable ingiuniity, it, is doubtful if they will find 
commercial application. 

Its possible use as a binding agent for roads and bvi(2Uetted fuels, 
and its enqdoyment in the 2we2)aration of tanning agents, and as a 
means for the chea2) production of alcohol, have been exhaustively 
reviewed, anil methods for its a2»2‘lication in several of these and 
other comiexions 2>alented. 'I’he use of sulphifi' |}t2Uor as a motor 
fuel can be made 2)racticable by the employment of suitable 
vaporising devices.^"' A de-sciaption of a mnv atiparaflus for 
obtaining carbon and other 2iroducts from sul2'hite liquors is 
given by A. Klein.-"- O. Aschan'-"-' discusses the utilisation of 
cymene obtained as a by-2froduct of the sulphite 2Jrocess, and states 
that a yieirf'of cymene of 90 - 9 .')% 2 mi'ity, suitable for the indirect 
preparation of azo dyes, T.N.T., thymol, and c*,rvaorol, may be 
recovered to.tV.c extent of 1 kg. 2)er ton of 2)ul2) xiroduced. 

Methods for the titration of sulphite waste liquors have been 
reviewed by R. Siefier,-’"’ who ha,s also made, ex2)oriments on the 
aldehyde content of fermented sul2)hit'e h'quty in conjunction with 

““ J. Soc. Diicrs and Col, 1!)21, Z7, 11 ; J., 1921, lllU. 

"«» Pajfiir, 1921, T)oi'. 20, l.'i, Uli; J., 192\, 175a. 

““ Papir-Journah'H; 1(>20. 8 , 101#. 

Ui papier-Zeit.f 1921, 40, 034. 

ZeUstojfchem. Ahkandlungerit 1920,1, 73. 

4 *** ZelUtoffcMm AOltandlwrigen, 1920t 1, 
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determination of the amounte of alcohol present.-®'' B. Holmberg*®* 
has examined sulphjte^liquor lactone, ohtajned by the ether extrac¬ 
tion of sulphite waste liquors, and gives details of its physical and 
chemical characters. ,Tt is stated to he (tonverli'd by the action of 
sulphuric acyl into a monosuljiljonic aidd, which on tre^itment 
with water, yields a hydroxy-acid. Tn a later communication, 
in conjunction with M. Sjiiberg,-®’ he gii es details of the prejiaration 
of its methyl derivatives, with reference to the reactions of the 
latter sub.stance. 

Alkali lignins have been obtaiiu'd by B Holnibcrg and 1 '. Wint- 
zell,®“* who have se])arated them fioni the ju’ecipitales obtained 
by acidification of the black liquor from the soda-e,ellulo.se process. 
They have obtained a- and X-lignin, have studied their chemical 
properties.and preiiared their methyl flerivytii'es. E. Wahiberg-®" 
has previously attenqited to sepaiate th(> constituents of alkali 
waste liquors by subjecting them to dialysis. 

Jviimcrous methods for the utilisation and deodori.sation of 
gases evolved during jihe- various, cooking proee.s.ses have been 
protiMited. Till' subject would ajipear to i)re.sent many openings 
for fruitful investigation. The disposal of untreated waste liquors 
in imlji-produeiug distriiits is also a matter for careful consideration, 
and is of as vital importance aS tlu^ disposal of trade effluents in 
some of our large ti'xtili! industrial centres. 

I'he recommendfitions >f a Commission a.]>pointed to deal with 
strawboard factory effluents in Holland are dealt with by A. Her¬ 
mann,®'® who gives details of a ])lant operating to utilise the gaseous 
products of the anaerobic fermentation of these liquors for power-gas 
liroduction. 

I’ArEU. 

Extensions otthe jiidji and paper industries, and the investigation 
of new sources raw material t.o deticrmine their possible employ¬ 
ment for.pulp production, h.ave already been dealt with. 

Eor some time past numerous attemjrts have been yiade by the 
Ercnch paper-makers and technologists to exploit their natural 
re.sources, and hivestigations of tlm })aper-raakmg qualities of 
various indigenous plants have been undertaken froitiAime to time. 

The suitability of the stem of th» sunflower»as a source of paper 
pulp has been exhifiistivcly examined by the‘Paii^ Chamber of 

23, SlUi. 

“®® i'wjwJt. Kem.. TuUkr., ^920, 32, .'iB ; J., 1921, 113 a. B«-., 1921, 54, 
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Commerce, whose results are reviewed>by R, Fournier.™ He also 
gives a list bf a numbei; of> plants found in Fi^aijce or her colonies 
which might possibly be utilised in the paper industry,”* the same 
subject having been dealt ivith by C. Croud.”* who, in the course 
of a later article”* disousse.s th(^ possible utilisation of vine shoots 
in papermaking. He states that France (exclusive of Algeria) 
produces a sufficient quantity of vine shoots to furnish 720,000 
tons of pulp annually. Details of an extcTisive scries of laboratory 
tests by “ Cellulose et Papiers,” on the pulping and jiapering of a 
variety of raw materials, have been given.”* 

Examinations of “ falasco,” a heterogeneous collection of cryjito- 
gamous and aquatic plants obtained from the Pisan marshes, have 
been made by G. L. Pavarino and G. Castellari,”® who have carefully 
studied the inicro.scopical, physical, and chemical characters of 
the fibres of the vegetable constituents of this material, which 
they consider to be suitable for paper manufacture. “ Falasco ” 
is also discussed by (I. Groud,”’ from the standpoini. of the yields 
of pulp obtained from the varipus plants present in the mjxture. 

“ Tabocca Brava ” and “ Aninga,” of Brazilian ariaiii are stated 
to be suitable for the manufacture of wrapping ])apers of various 
qualities.”* 

Other vegetable materials sug^sted or used for papormaking 
are peat,”* “sugamo”*** (a Japapese seaweed), and “okra,”**' 
which is being exploited in America. 

In connexion with the dctecticm of mechanical wood in mixed 
pulps, reference may be made to the cobalt thiocyan.atc test for 
lignified tissue proposed by P. (lasparis,*** which may be of value 
for this purpose. , ■ 

The process of rag-boiling, and the effect of thd various factors 
in the treatment of fibrous materials for paper manufacture have 
been reviewed from, the points of view of efficiency and character 
of the half-stuff produced, by H. Grimm.*"* It is»stated that the 
^ mechanical treatment to which material is subjected in th? washing 
and in the half-stuff holla,ndor, modifies the chemical constituents 

r 
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”* Skiz. apzr, agar, ital., 1920, 53, 32. 

Le Papier, 1920, 23, 259. 

Butt^ Imp. Inet., 1920, 18, 323 ; J., 1J21, 383a 

”* E.P. 168,355 ; J., 1921, 733a. 

**" E.P. 1,53,804 ; J., 1921, 6a. 

*“ Paper, 1921, 27, 16. 

*»* Pharm. Manats., 1920,1, 121, 137, 153.; J., 1921, 343a. 

< *•* ZeUstqffund Papier, 19J1,1, 7. 33 ; J., 1921, P63a. 
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of the fibre very considerably. Qfcestions affecting the degree of 
hydration of sulphite and esparto pulps during the beating process 
have been discussed.®** It is pointed otft that sulphite pulps, 
may, under certairf oircunistanccs, have a marked tendency to 
rapid hydration, which*js undesirable in the manufacture of papers 
for printing or writing. This may* be corrected by admixture of 
esparto pulp, which, being a soda pulp, does not hydrate readily. 
The use of the Schoppor-Riegler apparatus in making tests of the 
degree of beating of pajier pulp is dealt with.®*® 

H. Press®*® has investigat'd the dyeing of pulps in the hollander 
with reference to the productioft of coloured cardboard from straw 
pulps and gives details of the .ibsoiption of direct cotton, basic, 
and acid dyes by this material. J. Huebner ®*’ has also made an 
interosting,serics of experiments on the dyeing of paper pulp, and 
proposes to obtain fast .shades by the precipitation of acid dvos 
by basic dyes within this substance, giving details of a useful 
combination of colouring matters for employment in this connexion. 

The amount of published material dealing with the bleaching 
of paper pulps is small and is mainly composed of semi-popular 
articles, several of which deal with the applicatic*i of elcctrol3itic 
bleaching processes to the paper industry. 

Interesting observations on the bleaching of soda and sulphate 
pulps prepared from coniferous woods have been made by S. D. 
Wells,®** who has examined the action of Rleaching-powder solutions 
on these materials. He finds that the alkali-solubility of the pulps 
increases with increase in the strength of bleaching liquor employed, 
and that considerable degradation of the cellulose takes place before 
the colour is ronuived, indicatinjj; the unsatisfactory nature of this 
typo of bSbach.' He obtains slightly more satisfactory results as 
regards colour removal by carrying out the bleach treatment in 
two stages with an intermediate washing. Thg pentosan contents 
of the pulps wejp found to be unaffected by bleaching, but on the 
other hand their methoxyl contents were reduced by the treatment. 

Problems connected with the sizing of jiapcr and employment of 
various sizing materials have formed the subject of sevCTal interest¬ 
ing articles which l.ave appeared in the various journals. 

The observations of E. Amould®*® on the inhib’ttee effect of 
small quantities of sodium chloride absorbed ^by the cellulose, on 
the sizing of paper tty the rosin-afum process, have already been 
mentioned. JV[ethod%for tBo control of the alum centent of the 

®*® La Papeterie, 1921, 43, 140. 

®*® Le Papier, 1920, 23, SsS. 

®*® Papierfabr., 1921, 19, 261, 365 ; J., 1921, 383a. 

J. Sot^ Dyers and Col, 1921, 37, 139; J., 1921, 382a. 

®»» J. Ind. Eng. Chem., 1921, 13, 936 ; J., 1921, 807a. 

®®' U Papier, 192}, 24,108. 
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tubsizing bath arc discussed by*P. W, Oodwisc,*"'"’ who recommends 
the use of bromothymol, blue as an indicate/ in carrying out 
titrations. 

F. Stdekigt and A. Klingner=“‘ deal v\ith the use of colloidal 
resin as a sizing agent, giving details of iSs mode ,of preparation 
and the factors affecting its coagulation. The paper forms an 
interesting study in applied colloid chemistry. In an account 
of the now “ Zellkoll-Amal process for the sizing of fine papers, 
in which use is made of formaldehyde-glue or ahim-formate-gluo 
gels, the satisfactory fixation of various loading materials is dis¬ 
cussed, and it is claimed that th#process is remarkably efficient 
in this resiicct. 

A. Kolb-®^ gives details concerning the employment of alkali 
soaps as substitutes for resin in paper sizing. R. Jliljer deals 
with the ])ractical aspect of the casein coating of jiapers. J. G. 
Vail gives an account of the employment of sodium silicate as a 
sizing material. Numerous filling agents for jiapeis have been 
discus.sed. 1 * 1 . G. Milham ^'"'reviews the various properties to be con¬ 
sidered in the selection of paji'er fillers. 'Wilkiifiic or jelly-rook, 
a highly colloidal clay, is proposed as a substitute for china-clay. 

The jratent literature connected with the sizing and filling of 
paper' contains details of a large n,umbcr of sizing and filling agents, 
among which ar<i to be found carbohydrates, proteirrs, and their 
addition compounds, resitrous substances, hydrogenated resins, and 
formaldehyde condensation jiroducts, along with a number of 
combinations of various substanci s for filling purposes. 

In connexion with the production of papers for specific purposes, 
attention rrrrry Ire directed to the patent of C. G.pSohwalbe,^“* who 
proposes to effect parchmontisatibn of stock in the edge rutmer, 
or in the hollander, by treatment with oxidising agents, obtaining 
in this way material which may be subsequently converged into 
parchment paper, 'and to that of the Zellstofffubr. Waldhof,“““ 
who claim that by treatment of sulphite pulp to be rrsed for cigarette- 
•- paper manufacture, with alkalis, the unpleasant taste is temoved. 

The application of Batik printing to the production of novel 
effects on papers forms the subject of an article by L. Kollmann,®"” 

Pulp (ml Paper Mag., 1921,19, 499 ; J., 1921, 4(i5A. 

Papierjahr., 1921,19, [22a], 50 ; J., 1921, 884a. 

Paper, 1921,.qi*. No. 18, 13.‘ 

Papkrfabr., 1921, 19, 1141 ; J., 192t, 807 a, ^ 

La Papeterie, 1921, 43, 157. * 

Chem. and Mel. Eng., 1921, 83, 823 ;y., 1921, 884 a. 

““•r Paper Industry, 1920, 8, 1376, 1438. 

Paper, 1920, Doe. 8, 19, 34; J„ 1921, 175a. 

G.P. 303,305 ; J., 1921, 144a. 

G.P. 327,735 ; J., 1921, 144a. 

< >»» Papierjabr., 1921,19, [22a], 39 j J., 1921, SS^A. 
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in the course of whiiih a description*of the tcehniq^uo of the process 
is given. 

Articles dealing wilh*the utilisation of ^?aste pajicr are few in 
number. B. Haas deals with the remov al of printing inks from 
this material. The roebvery of stock from nevvs))rint has received 
the attention of (!. Baskerville and’R. Ste\'enson.''"“ The former 
author, in conjunction with t'. M. Joyce,giv-es details of tjie 
treatment of waste book pajier. 

The amount of published work dealing with the le,sting of papers 
is comparatively small. In the course of a re]»ort on the u.so of 
iodine solutions in pajier examination. (1 Wisbar ’"' makes reiiom- 
mendatioris concerning the usi of stannic chloride and iodine, 
calcium chloride and iodine, and aluminium chloride and iodine, 
along with the well-known zinc chloride-iodine reagent. 

R. Poumicr“"'' describes an ingenious apjiarat-us for measuring 
the translueency and opacity of papers which embodies the use 
of a seleni.im cell as a photometer. By employing a modified 
form of this apparatus tlie refleiding powisrs of pipiers may bo 
determini d. • • 

'The testing of the water-absorbing properties of yajier foi’ paper- 
yarn manufacture is discussed by F. Herig.’"“ 

,In imnnexion with the climatic dbterioration of iiapers. attention 
may be directed to the interesting communication by J. J. Sud- 
borough and M. M. Mehta,'"'’ who froin^i study of the perishing 
of jiapcr in Indian libraries, make certain recommendations concern¬ 
ing the preservation of, and the jirecautions to bi^ observed in the 
preparation of papers for use in the Indian Plains stations. 

Chcm.-Zeii., 43, 1)13 : J.. 1931. 7(i5i. 

./. li)d. Em:, ('kcm., 1931,13 . 313 ; 1931, 395v. 

■""> Ihi'ii., 1931,13, 214 ; J.. 1931. 29.5a. 

MtU. MatcrhlpruJ., 1939, 38, 31B ; 1931, I)S9a. 

l'apwr»W2f), 23, 357 ; Paper. 1931, Fob. 9, S3. 44 ; J., 1931, 343a. 
ao6 Papierlahr), 1931, 19, I23a1, 33 ; J., 1931, SS3a. 

» J. Indian InM. Ed., 1920, 3, 119 ; J., 1931, TllA." 
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BLEACHINO, DYEING, PBINTING, AND 
EINISGING. 

By W. Habrison, M.Sc., 

Worslci/, near MaiicheMcr. 

Diteinc} the past year there have been many developments in 
pure science, more ppticularly in reference to the fjtructure of 
atoms. The aim of physicists is to find such particulars of the 
structure of atoms as will enable them to explain their properties 
and forecast facts at present unknown. A great deal of the work 
published is mainly speculative. Bohr’s theory explains the 
spectrum of hydrogen in a remarkable way, but so far has not 
explained thafl of helium. Langmuir’s theory e.xplains in an 
equally remarkable manner the properties of lithium hj^dride, 
sulphur fluoride, and many other compounds, but gets into difficulty 
with some quite simple substances such as carbon monoxide and 
cyanogen. Technologists are anxious to sec further developments, 
more particularly in the domain of organic chemistry : a detailed 
knowledge of carbon, hydrogen, oxygen, nitrogen, sulphur, and 
chlorine is required for this purpose. So far as the building up 
of the carkon compounds is concerned the reyept work on the 
structure of organic crj'stals by llragg’” is very promising, and we 
hope to sec the work extended to the textile fibres. 'For this, 
workers are needed. , 

It would not be' correct to say that similar developments have 
not taken place ,in the domain of textile technology; all one can 
say is that comparatively few chemists are engaged 'compared 
with the enormous numbbr of problems awaiting to be solved. 

The Department of Scientific and Industrial Research has 
extended <its activities to the flax, silk, and laundering industries, 
and as would be expected from an impartial body of organisers, 
a similar system has been adopted as for industries other than 
those relating to' textile processes. • 

The general idea appears to bo th» bringing togefner of several 
types of men, commercial, technical, ai^d scientific. The impression 
has been given to many commercial men that one need only import 
science into an industry to effect something of a revolutionary 
character, the terms science and industry being used* in a general 

« • Proc. Phye. Soc., 1921, 36, 33. 
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sense. Nothing has been saicl,abou? the period during wiii6h the 
science has to get :^sed into the industry nor has mudh in the 
way of flux been used. * * , 

The solving of technical problom.s is not merely a question of 
mixing science ^d technology ; too often the result is an emulsion, 
of low degree of dispersion, and not a solution. An intimate 
knowledge of an industrial process and of those particular branches 
of science necessary for development must exist in the same train 
before much progre.5s can be made. This condition cannot be 
secured without much experience—experience of the kind which 
can scarcely be explained since it is acquired by the exercise of 
those senses which are incapable of c.xpression in concrete terms 
and accumulated in the form of ideas equally difficult of expression. 
Such experience is to be found in the practical men, many of whom 
have not the ability to express themselves* accurately on quite 
simple matters. 

Undoubte'Uy the works is the place for industrial research, 
since it is only there where one meets the necessary stimulus to 
produce something of oomTnercial valuS. The sight of men working, 
the sound of machinery, and the obvious skill of tho English work¬ 
people all have a great influence in producing an industrious research 
worker. The criticism which m'is(i bo met from the more intelligent 
workpeople is the best preventive, against the jwoduotion of 
impracticable ideas. * • 

Finally, the manipulation of a process in the treatment of tons 
of material gives one that intimate knowledge of mass-action 
which one cannot realise from a laboratory experiment. 

Industry requires trained men possessing confiden*; in their 
own abilityjto tackle a problem tflroughout aU its stages, and such 
confidenos'ean only be acquired wh(!n the knowledge of the technical 
process jnd of the science underlying it exist in the same brain. 
The sooner this is realised by those responsible for the organisation 
of research the better for the suoeess of the various research schemes. 
It is well tf) realise that the average practical man has just as much 
ability to acquire scientifle knowledge as ISie average scitntifically- 
trained man has to acquire technical skill. 

Wooii SCOURINO. 

« 

Several articles have been,published relating to the extraction 
of grease by means ofisolvent^. H. Hey* suggests that this is the 
method of the future for the treatment of wool when the prejudice 
which exists against it has been overcome. The writernas seen 
cases where dirty wool after extraction of the grease with solvents 
could not beb obtained clean by subsequent washing with soap. 
• 

' J. Soe. Dyers andfJol., 1921,37, 81, 183,^ 
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The suggestion was made that the removal of the grease to which 
the dirt .^cred allowed that dirt to come in actual contact with 
the fibre substance. This suggestion appeared to be supported by 
the observation that clean w'ool w’as stained by an aqueous extract 
of the <lirt'y solvent-extracted wool. It would ap])car advisable, 
therefore, to leave a little grease in tlu^ wool so as to leave the 
latter in a w ater-repcllant state. The prejudice which exists to-day 
is undoubtedly the result of expericnoes.su(h as that just mentioned, 
and will only be overcome by more satisfactory tests. Unfortun¬ 
ately, it is difficult to persuade those who have had unsatisfactory 
experiences to make further trials, in s})ite of the fact that one 
cannot arri\ e at perfection without meeting with many difficulties 
and overcoming them. 

Hej' states fhat the non-inflammable hydrocarbons such as 
carbon tetrachloride and di- and tetrachloro-ethylene tend to 
develop acid under the influence of heat and moisture. This is 
contrary to the geiK'raily acee])fed idea of the stability of these 
compounds and is well w'orth investigating. It is possible 
that the troubhi may have been caused by a trace o,' dissolved 
chlorine. 

J. T. CraimiU describes the methods used in the United States. 
The gains for the .solvent pnaa-ss are siimmai'ised thu.s :—(1) A 
gain in weight of chain fibre secured from a given amount of greasy 
wool as compared with soap scou.ing. 12) A reduction in noilage 
in combing, due to the avoidance of breaking or matting of fibre. 
(3) A great .saving in soa)) and alkalis used foi' washing. (4) The 
use of wa)ol-oil as lubricant in place of oliiu; oil in subsequent pro¬ 
cesses of ryanufaeture. (.>) The by-])roducts of the wool hitherto 
lost—^wmol fal and pof a,sh -ear. lie sold (fi)'ffliperior working 
qualities of the tops and yarn produced. Whether th«se claims 
can be sub.stantiated for every class of wool is a question for the 
future and might conveniently form a subject ior iiu'estigation 
by one or other of the numerous research associAtions. 

A certain amount of work has been done on the scouring properties 
of mineraUolloids, particularly those containing silica and alumina.’ 
While those may find uses, the attraction which wool possesses 
towards most colloidal matters may cause difficulties since mineral 
matter does not improve the handle of wool. 

It has been .suggested’ to use neutral or acid scouring solutions, 
the alkalinity of a soap being removed by thfe addition of lipolytic 
substances, Twitchell’s reagent, etc. Wlfether those solutions 
would be efficient is an open question ; the writer never found 
an acid frothing agent which had any scouring properties. 

’ Ibid., 1921,37, 235. 

’ U. Weissenberger, KoUoid-Zeits., 1920, 87, 69 ; 1921,^8a. 

* S. Aschkenasi, G.P. 329,008 ; J., 1921, 21U. 
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As regards the thaory of .scjouriii^ L. L. Lloyd ‘ attempted to 
remove insoluble sojips from pieces by tjie aid of soap'and glue 
and claimed that accorfting to the colloiditl theory of scouring 
the glue should hav# enabled the soaj) to remove the insoluble 
soap. I'W colloid-cheiAists would agree with this contention. 

Some intere^ing points about ‘the ordinary wool-scouring 
process arc given by J. Schofield,® who has recently published 
a book on the subject. 

References may also be made to papers on the action of water 
on wool,' the alkalinity of pure and commercial soaps,® the 
ultrastructurc of soaps,® and determination of washing power of 
detergents,*" 

ScjotmiNo AND Boilino Veoetabde Fibres. 

/ 

The solvent process has been apjilied to linen and cotton both 
for the improvement of the bleaching process’* and in certain 
cases, to avoid blooding and staining of dyed Roods.'* The 
question o^ cost is of marc importance than in the case of wool 
since the alkaline boiling of cotton is, generally spcjfking, a cheap 
jirocess. 

The use of Ludigol (sodium m-mtrobenzencsidphoiiate) as an 
assistant in the, boiling of fabrics containing coloured effects is 
discussed by J. M. Matthews.’ ’ • , 

Bleaoiuno. 

An interesting note is given by A. F. McCulloch '* relating to 
the behaviour ofJblFat hing powdci^in the tro])ics and thc^idvantage 
of a large tdlcess*,.' free lime is shown. The effect of alkalinity 
on the oxidising properties of hjqiochloritcs is discussed by 
E. K. Ridea.l and A. R. Evans,*" and the use of .free hypochlorous 
acid prepared by'ihc direct action of chlorine on water is protected 
by G. Ornijtein.'® 

" ,/. Soc. DyersandCoL^ 1!I21, 37> 1”1. 

“ Ihid., 1921, 37, 103. 

' Heycldor, JB*'.'. Hoc. dkim. Bely., 1920, 29, 291 ; J., 1921, 174a. 

» F. C. Boedlo and T. K. Bolain, J.. 1921, 27t, 74t. 

' W. F. Darke, .1. VV. McBuin, and C. S. Salmon, Proc. Hoy. Soo., 1921, 
A 98, 395 ; J., 1921, 2fi8A. 

*" P. Heermann, TcAilber., 1921, 2, 37, 01 ; J., 1921,17Ca 

’* S. H. Higgins, E.P.»102,892< J., 1917, 211. 

*" J. D. Lurasden, K. W. E. Mackenzie, E. H. Kobinson, and M. Fort, 
E.P. lOf.,198 ; J., 1921, 079a. * 

*" J, Soc. Dyers aiid Col., 1921, 37, 230. 

*‘ J., 1921,'240t. 

*" J., 192l! 64 r. 

*• E.P. 147,069 ; J. Soc. Dyers and Col, 1921, 37, 265. 
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The bleaching of cotton by ineans of perborates and persulphates 
forms the subject of an article by 'W. Kind.” For wool the use 
of hydrogen peroxide? followed by treatiiioht with hydrosulphite 
is patented by J. Kershaw.** The use of nitrosylsulphuric acid 
for the ble.aching of silk in the gum or pirtially degummed state 
is discussed by E. Cagliostro.-* 

Of books published during the year that by S. H. Higgins on 
‘ ‘ Bleaching' ’ is worthy of commendation. Tlie information collected 
together is sufficiently wide to satisfy most readers. 

Prolonged bleaching with oliemick has been found to produce 
less tendering than when perborates in alkaline solution arc 
used.** A method of analysing bleaching liquors by reaction 
with hydrogen peroxide i.s given by M. Schrero.** 

Mercerising. 

The originator of the ])rescnt-day mercerising process, Mr. Horace 
Lowe, has recently been presented with the Perkin Modal by the 
Society of Dyers and Colomists.'-* In reviewing the history of 
the process, Mr. Sutcliffe Smith “ mentioned that the Custre was 
noticed before the actual manner of producing it had been worked 
out. The treatment of cotton with caustic soda under tension 
and washing in that condition was first jiatented in 1890 and 
forms the process used to-day the whole world over. Mr. Sutclifie 
Smith expressed the opinion that it was unfortunate that the 
term mercerising should have been used for Mr. Lowe’s process 
and that a word sliould have been adopted which associated the 
process with his name. 

It is unfortunate in many ways that the word “ mercerising ” 
should be used for products not pioduccd by any’mtthod mentioned 
in Mercer’s patent. !Nouaday.s, the term vouk^ iindoujitcdly be 
used for any process of jiroducing modified fibrous cellulose giving 
the characteristic blue colour with iodine and zinc chloride or strong 
potassium iodide ; nevertheless, there are methods of treating 
cellulose to give this reaction which are not mentioned in 
Mercer’s patent, such as,ior instance, treatment uath thiocyanates. 
There are also methods ** of imparting a permanent lustre to either 
cotton or mercerised cotton which are not dealt with in Lowe’s 
patent. In face of such developments it becomes more and more 

" TeHiIbcr, 1<.)21?2, 325 ; J., i»21, 69U. 

** E.P. 162,198; J., 1921, 38.5a. 

** C'oZor^’rorfe./., 1921,13 ; J. tSoc, Dyfrs and b'ol.^ 1921,'^, 255. 

“ P. Heermann and H. Fredorking, Texlitber., 1921,2, 249, 277 ; J., 1921, 
57Sa; c/s7., 1921, 642a. 

« J. Ind. Eng. Chem., 1921,13, 569 ; J., 1921, 578a. 

“ J. Soc. Dyere and Col, 1921,37, 135. 

** im. 

, “ A. Hmcook, ibid., 1921,87,113. 
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necessary to use distinguishing trains. Comparative tests have 
been made with solutions of sodium and potassium hydroxides 
which confirm the result* obtained by B. Kifbcht and^W. Harrison 
in 1912.*“ A. Liebillann*' obtains special crepe effects by local 
drying of fabrics beforo*passing into a solution of caustic soda. 

The mercerisation of fabrics contsBning viscose usually presents 
difficulties duo to the damage or even destruction of the viscose. 
Processes for overcoming this trouble consist in the addition of 
formaldehyde, phenol, or potassium acetate to the caustic 
soda.** *” 

Dr KINO. 

The paper on the dyeing oi artfiicial silks published by 
L. P. Wilson and M. Imison *" is one of outstanding importance. 
Most dyers are familiar with .the irregularity ui the dyeing property 
of artificial silk particularly in fine deniors. These authors have 
drawn up a list of dyestuffs which dye solid or nearly solid shades 
on viscose sfik even when a considerable difference exists in the 
affinity ofrfliffercnt parts^f tlie silk fyr most direct cotton colours. 

They showed that dyestuffs of low molecular weight gave level 
dyeings whilst those of high molecular weight produced unlevel 
results. This offers considerable support to the electrical theory 
of dyeing, the relative size of fibfe pores and dye particles being 
the important factor in this casjfs. Any differences in the size of 
fibre pores would produce 'ittlc difference in dyeing effect if the 
dye particles were very small, but if the latter were nearly as large 
as the fibre pores the dyeing effect would vaiy considerably. 

There are other factors besides the molecular weight of the dye¬ 
stuff to be taken into account, Ijpcause one often metffs pairs of 
dyestuffs wfiich, ftviai their constitutional formula, should behave 
in opposite relation to that which actually exists in their level¬ 
dyeing properties. Temperature is an important factor as also 
is the nature of tjie other ingredients present in the dyebath. 

A consi4erabIe amount of work has been done in recent years 
on the dyeing of cellulose acetate, and a summary of the work 
has been published by J. F. Briggs.** 

The methods pro; vised are detailed below :— 

(1) Hydrolysis of the cellulose acetate with formation of 
hydrated cellulose, which absorbs dyestuffs in a similar manner 
to artificial silic composed of cellulose. Briggs, mentioned that 

*“/6id., 191S, 28,224.» 

*® E. Bistenpart, TextHber.^ 1921, 2, 130 ; J., 1921,255a. 

** BuH. Soc. Ind. Mulhowe, »2(), 86, 484 ; J., 1921, 255a. 

** S. M. Jones, U.S.P. 1,343,138-9 ; J., 1920, 542a. 

*» S. M. Jones and. 0. Harlow, U.S.P. 1,392,833; J., 1921, 809a. 

*“ J., 1921* 322t. 

” J. Soc. Dyers and Col., ifcl, 37, 287. 
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an old bath containing products of hydrolysis was more effective 
than a fiesh one. This appears contrary to the ordinary laws 
governing hydrolysis since the products formed generally retard 
hydrolytic reactions. Briggs also showed that the hydrolysis is 
greatest at the surface and gradually 'decreases towards the 
centre. This opens out somd very interesting theoretical points. 
The saponification and dyeing processes can, if desired, be carried 
out simultaneously. 

(2) Sw(!lling of the silk with ammonium thiocyanate ® followed 
by dyeing with certain acid and basic colours. This process only 
improves the affinity of the silk for the dyestuffs and does not 
impart affinity where it did not jireviously exist. The improve¬ 
ment is undoubtedly due to the development of surface by the 
swelling process. The same treatment improves the dyeing proper¬ 
ties of wool.“’ 

(11) Dyeing with basic colours. This proceeds without mordanting, 
but the exhaustion of the dyebath is not very good. The addition 
of salts as.sists the dyeing m a similar manner to that met with in 
cotton dy'eing. The fa.stncsa' to light of'the rcjsulting flyoings is, 
in one or two'oases, greater than that of the same dyestuff on 
tanned cotton. 

(4) Dyemg with gallocyanine derivativ'es. This ju'oceeds in a 
similar manner to the process with basic colours ;ind in a few eases 
the absorption is very good. 

(5) Dyeing with developed colours. Cellulose sicetate has a 
strong affinity for organic bases and such can bi‘ diazotised and 
developed on the fibre in the usual way. Neither the diazotisation 
nor the dt .relopment proceeds in the maimer i^suiiUy met with in 
dealing with such dyeings an<f occasionally one finds entirely 
different colours produced. 

(6) Alizarin dyestuffs dye directly without a mordant m virtue 
of their phenolic and kctonic functions but the shades are not the 
same as those usually obtained with the alizarins when dyed on 
mordants, neither can such shades be secured by after-mordanting. 

(7) Azo dyes. Certain sulphonated azo colours have an affinity 
for cellulose acetate and can be dyed direct fron). a bath containing 
salt. 

(8) Vat dyes. Some of these can be appUed from a bath con¬ 
taining ammonium' salts to reduce the hydrolysing effect of the 
caustic sod^. usually employed. Ammonia docs, however, hydro¬ 
lyse the silk and must be used carefully it hyrfrolysis M to be avoided. 

The hjtroduction of a new product such as cellulose acetate 
necessarily brings forward new sets of problems for the dyer and 

” J. F. Briggs, E. W. Palmer, and Brit. Cellulose Co., E.P. 168,340; J., 
1921, 213a. 

M. Konig, Textiiber., 1921,2,178 •, J., 1921, 386 a. 
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the iiroduction of ^olid shades in'mixtures of this product with 
cotton, wool, or silk is perhaps the most difficult of these. 

Nothing really nefr <n dyeing processes'for cotton, wool, and 
silk has been produeed-during the past year. 

A process analogous ito the pnrduction of Nitroso Blue is described 
by Wahl and tluindon,^’ a mixture? of a nitroso compound and a 
diamine being used for the dyeing of xvool. 

A claim is made by F. Bayer unel Go.“'’ for improving the fastness 
to lignt of dyeings on wool by after-treatment with phospho- 
tungstates, the process being ai)plicable to dyestuffs containing 
sulpho- and amino-groups. 

The use of fustic as a developer for diazoti.sed amines in place 
of /3-naj)hthol has been suggested by F. A. M. Noclting.“® 

A series of dyeings with tannic acid as developer is described 
by A. hi. Kherestand A. .1. Hall wdio menttoned a Gorman Patent 
(.5.'),8S7) as having covered part, of this work. 

A red dyestuff not hitherto used in ilyeing is obtained by coupling 
■//(-nitro-o-anisidinc with Naphthol A.S.'"* 

A rapid method of ^uwidueing dyeings of this type is mentioned 
by F. M. Rowe and K, bevin.-’” , 

The influence of the degree of dispersion of dyestuff in the indigo 
vat on the colour and fastness of the dyeings obtained is discussed 
by M. Freiberger." 

• . 

Til'‘orII of Dyeing. 

An extremely interesting paper is that on the co-ordination 
theory of adjective dyeing by 0. T. Morgan.'" The effect of 
chelate grouj)ings in the formation of metallic com])oi^ds of dye¬ 
stuffs is dc|crilfe(r, such corapoiitids seldom showing the ordinary 
chemical, ^opt t^ies associated with the metal present. It is 
interesting to see the manner in which physics is gradually forcing 
itself on the notice of the chemist. Werner's theory of co-ordina¬ 
tion, which discards the hypothesis of tixed or constant valency, 
was originally produceil to explain the existence of complex inor¬ 
ganic sukstances. 'J'he more recent developments arising from the 
work of Thomson, Rutherford, and the Braggs and developed by 
Bohr, Lewis, Langmuir, and many others, will undoubtcfjly play a 

Ren. ain. Mat. Col., 1020, 24. 170 ; ./., 1921, 77a. 

K.]’. 143,242 ; 1921, OSSa. • • 

,Soc. ItuI. do itemfn, NoU'JV'ci. 1074 ; J. .Soc. /);/cA and Col., 1021, 37, 
90. . • * 

” ./. «oc. nije.r« and Col. 1921,37, 227 ; J., 1921, tiOlA. 

W. Kiolbasenski and C. Benodok. Texiilber., 1921, 2, 281 • J., 1921, 

fl79A. 

” J.Soc. Dyers and Col. \m. 37, J., 1921, (i2lA. 

*" TexUrnr., 1921,2, 84 ; J., 1921, 175a. 

" J. Soc. Dyers and Col. l521, 37, 43 ; J., 1921, 175a. 
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very great part in the chomistiy of the future. ,The now generation 
of chemists, should miss no opportunity of becoming familiar with 
the electrical explanation of chemical phenomena. As far as 
dyeing theories are concerned we are rapidly approaching the 
time when we need not argue about the relative merits of solution-, 
surface-tension-, or adsorptioh theories, chemical or electrical 
theories : they all prove to be electrical phenomena. It is with 
full knowledge of the developments some of w'hich arc not yet 
published that the wTiter asserts that the electrical theory has 
come to stay, wdiether it be written in chemical or electrical lan¬ 
guage. The importance of intramolecular spacing in fibres cannot 
be overestimated ; it enters into nearly every example of dyeing. 
Recent w'ork by Hallor“ deals mainly with the application to wool 
of the electrical theory as developed by W. Harrison.*’ 

Printing. 

No important advances in printing have been published during 
the past year. 

Useful notes on battick printing are given by L, KollEiann.** 

Interesting observations on the efEect of anthra({uinonc deriva¬ 
tives in assisting the discharge of a-Naphthylamine iJlarct arc 
described by M. Battcgay, A. Lipp, and H. Wagner.** 

An explanation of the function of manganese dioxide in producing 
a reserve under indigo is given by R. Haller,** who recommends 
the use of a zinc-lime vat instead of a hydrosulphito vat for this 
purpose. There is no doubt that the effect is duo to the formation 
of a scmi-permeablo membrane of manganese dioxide which coats 
itself with precipitated indigo by oxidation of the indigo-white at 
the surface of contact. The raa^iganese dioxide must bo formed 
on or in the thickening agent and not only on th'e fibre ^r a clear 
white will not be obtained. This is to be expected since the fdra 
is not strong enough to withstand any mechanicql disturbance. 

The production of ornamental effects by the action of pressure 
on moist fabrics prior to dyeing, as described by W. ,Warr,*’ is 
not new, fiaving been used by the writer in 1906. The process 
W'as not sufficiently practical to warrant further work being done. 

• 

, Finishing. 

The production of transparent effects on cotton by the action 
of sulphuric and,nitric acids is the subject pf a patent by J. E. 

** K. Hailer, Kolloid-Zeits., 1921, 29. 95,'; J., liKl, 655 a. , 

** J. Soc. Dyers and Col., 1911, 27, 279. 

** C'/iJim.-Zenlr., 1921, 92, 35 ; J., 1921,'146a. 

** BvXl. Soc, Ind. Midhouse, 1921, 87,233 ; J., 1921, 655a. 

*• Texlilber., 1921, 2, 173 ; J., 1921 385a. 

** The Calico Printere Assoc., Ltd., and W. Warr, E.P. 166,346 ; J., 
1921, 622a. 
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Poliak.*® The process is sinylar t5 that described in numerous 
patents by Heberlcin and is apparently^ applied with auccess on 
the Continent for tnc' tfeatment of light nfuslins. 

A claim is made foT the production of wool-like effects on cotton 
fabrics by the use of 8ascin, serum albumin, and other proteid 
substances treated wdth <»nccntratdH mineral acids either before 
or after application to the fabric. Starch is said to act in a similar 
manner.*” 

The supposed interlocking of the scales of wool as an explanation 
of felting still appears to hold its fascination*” in spite of the fact 
that it has been proved untenable. 

S. H. Higgins and A. Hodge™ give an intere.sting article on the 
jireparation of cloth for finishing. This article discusses the 
numerous faults in woven fabries which prevent finishers from 
producing good results. The adv'antages t(t bo gained by closer 
co-operation between manufacturers inid finishers arc put forward. 

SlZINO. 

ft has been proposed tobise a mi.xture of china-clay and a neutral 
silicate as a sizing agent in jilacc; of starch, thi! sizeiieing removed 
by water prior to bleaching. ’” As sjlicates are readily (iecomposed 
by the carbon dioxidi; of the air, .it would be interesting to learn 
how’ much of the jiroduct would be removed by water after six 
months’ exposure to air. In later patents ** colloids are added 
to the silicate, presumably to prcv'cnt the fixation of the silica by 
the action of carbon dioxide. 

. . Pboo^ing. 

Where fad^rios (!yed with various types of dyestuff arc required 
to be made waterproof, the vulcanising process described by S. J. 
I’tachey^* offers, many advantages over the* older processes. 
Peachey's proccss^onsists in the treatment of the rubbered material 
alternatolyy with hydrogen sul])hide and sulphur dioxide; the 
sulphur produced in this reaction at one® vulcanises tjje rubber. 
Where thicker layers of rubber have to be vulcanised, such as in 
tyres, it is appardlifcly advantageous to use one or both of the 
gases under pressure. 

•« E.P. 167,8R4 ; J., 1921, liUU. 

*” Soc. UiUett et Fils, F.P. 508,188 and 500,403, A Text. Inal., 1921, 
12,90. • • 

*” F. Hardcastle J,, Soc. Dijers and Col. 1921, 37, 117. 

“ W. Harrison, ibid. * 

“ J. Textile Inal., 1921, 12, 288, 

*” A. Poulson, E.P. 152,096 ; J., 1920, 779a, 

«* A. PouMbn, B.P. 163,103^and 163,915 ; J., 1921, 6064, 766a, 

”* J., 1921, 6t, 

< 1.2 
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With reference to tyres, an interfsting paper is given by R. 
Truesdale 'and C. Hayes,,®* showing the behaviour of rubbered 
fabrics when shaped oVi the tyro. The ofiscrvations were made 
by means of X-rays, a certain number of threads in the fabric 
being specially treated w'ith materials oparfue to these rays, so as 
to form reference threads. 

Some interesting details regarding the striietiirc of tyre fabrics 
arc given by J. Crompton.*’ 


Testing. 

Several important points relating to the testing of bleached, 
dyed and waterproofed yarns and fabrics are given in papers by 
A. J. Turner,** E. A. Fisher,** and J. Huebner,*" 

As regards the test,mg of the fastness of dyeings to light the 
violet carbon are is said to give results nearest to those, obtained 
with sunlight.*’ The disadvantages of the mercury arc light 
have been known for some time. 


Faults. 

f 

A colhiction of useful information relating to the cause of defects 
in dyeing is given by L. L. Llo_Vd.** 

The action of formaldehyde in producing discolorations in dyed 
fabrics is discussed by F Ristenpart. "* 

In the bleaching of cotton the two most common causes of trouble 
are oxycellulose. and hydrocellulose, and any information on the 
means of detecting these sub,stances is of considerable value. It 
has been k^iown for some time that there arc different kinds of 
hydrocellulose and oxycellulose,' Hydroeellulofte' made by the 
action of suijihuric acid on cotton dyes with Methylene Plue in a 
similar manner to oxycellulose. It has beA!n shown that this 
jiroperty of the hydrocellulose is duo to eomptwnds containing 
sulphur, most jirobably sulphonic acids of collul(*;c, which are not 
removed by boiling caustic soda solution. B. Kneeht and F. P. 
Thompson,** give a raethed for differentiating between this hydro¬ 
cellulose and oxycellulose, the former having a much greater 
attraction for Rhodamine R than the latter. The resisting effect 
of oxycellulose towards direct colours is lost when the material is 

«» ./. Te.xl. Inst., 1*021,18, 418. • 

*’ Ibid., yti'l, li H40, 3711. 

*« ItmL, 1921,18,137. 

*» Ibid., 1921,18, 197. 252, 337, 385. 

** J. Hoc. D!/ersandaol.,\m, 37,11 ; 3'., 1921, 254a. 

*‘ 1921, 149r. 

J. jSoc. Dyers and Col. y 1921,37, 101. 

Textilber., 1921,2, 213 ; J., 1921,505a. 
t •* J.jSoc. Dyers and Col, 1921, 87, 270 ; X, 1921, 841a. 
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boiled in caustic se<la solution, tfic effect of the hydrocclluloso 
remaining unchanged. From a practical^ j)oint of view the problem 
cannot bo considereO Solved at present because the trouble is 
seldom noticed until* the materials have been dyed, and it often 
happens that alkali is iSsed in the dyebath. 
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By P. Pakkish, A.I.O., 

Manager. flovl.Ji- Meiropolilan Co., Clirtniral Worl'.'i. Phamix 
Wharf, Eae! (Ireenirirh. 

The lioavy chemical industry, during the year under review, 
has suffered from a financial strain and general dei)res,sion hitherto 
unparalleled in its liistory. At the time of the last revic'w the 
industry was at the end of a great trade l)o()m, the artificiality of 
which was singularly apparent. It became clear that the world 
had not so much healed its wound.s as realised its injuries. The 
reflex of the depression is not .so much seed in the ]>i> ucif y of chemical 
invention as iif the limitation of the opportunities for the api>lication 
of the fruits of reseai'ch. 

Nothing appears to stifle snmi-technical exj)erimeutation so 
much as financial strain and uncertainty. Broadly speaking, it 
is true to say that technical development and prognsss iiav'c been 
retarded by the acuteness of the dt^pre.ssion in question, by the 
extraordinary st.'it(‘ of foreign exchanges, and by the inordinate 
cost of such basic items as fuel and trans 2 )ort, and (jtartially) 
labour. i 

The effect of the war ujion the heavy chemicn' industry is strik¬ 
ingly dealt with by G. tt t'layton,' and it is only nwessary to 
supplement his singularly a]q)osite comtneaitary by Remarking 
that the unj)rofitable nature of the wet cojq)er ('xtraction i)roceHs, 
and the failure to arrive at a suitable returning charge between 
those concerned, has led to .se^veral such works resorting to the 
combustion of sulphur, “tor spent oxide, in lieu of cupreous j)yrite8, 
in the manufacture of sulphuric acid. 

The peculiar position created in the gas industry as regards the 
value of ammoniaoal liquor'^ still remains unsolved. One would 
have imagined tlmt the situation could have been relieved by the 
assistance jOf th?! ammonia-soda indpstry to' the mutual advantage 
of both industries. That the ja'culiar ciif umstanees named have 
given a^fillip to the ammonia-soda industry (to the possible tempor¬ 
ary de'triment of electrolytic caustre soda processes) cannot be 
doubted. 

' X, 1921, 443b. 

« * fliMt WorW, 1921, 75, 687. 
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. NiTRorjEN Industry. 

The departmcnff »f uSoientific and Inckistrial Research “ has 
published a supplement to the original report of the Nitrogen 
Products Committee, *gmng statistical information concerning 
the nitrogen industry during the latter jiart of the war and down 
to the end of l!t20. Thesi; iigurcs reveal that Germany’s resources 
of fi.'te.d nitrogen amount to 8830 tons per million of population, as 
contra.sted with 2240 toirs per million of our population. Inter¬ 
esting particulars are furnished concerning synthetic nitrogenous 
fertilisers in Germany.^ 'I'he following annual jiroduction figures 
are given :—(‘yanamide, 100,000 tons (fixed nitrogen); synthetic 
ammonia, 3(K),0(K) tons ; gas ano coke ovens, 100,(KK) tons'; total, 
OlMl.fMIO tons fixed nifiogen. 

As an indication that tlu; use of f Ihik; saltpstre is rajiidly declining 
it is shown that, whereas in 1013 770,000 tons was imparted, the 
imports in 1020 were only 40,000 tons. 

Intimately eonneiited with the German nitrogen industry® is 
the disastrous exjJosion,which oecuifed at Opjiau on the morning 
of September 21st, li)21, involving a loss of life variou.sly stated 
as from four hundred to a thousand, and injuries to one thousand. 

Till' explosion, according to a r«port of the directors issued on 
Sejitember 23rd and published in*tho German press during October, 
originated in a .store of 4.')0(^ tons of “Ammonsulphatsalpetcr.” 
'Phis ex]ilanation seems to have been generally acoipted. Adverse 
eritieism has, however, been levelled against tlie investigation work 
ui)on which the stability of the material had been decided. Although' 
it is interesting to speculate upon the possible causes of the explosion, 
nothing but tl*e .findings of a (Joinmission of Ihiquii^ of expert 
technical jien is*..!’ moment to the chemical industry. 

Synthesis of Ammonia. 

G. Olau^le' deals with the actual state of the synthesis of ammonia 
at extremely high jiressure, indicating that the compression of the 
reacting gases from 100 atm. to 900 atm. is etiected in one .stage 
by a hyiier-comiAi'essor capable of dcaimg with 700 cubic metres 
of the gases per hour. 'Phis quantity suffices for an *apparatus 
rated at a production of 6 tons of ammonia per day. The contact 
unit eompri.ses four tube.s, two in parallel, and il)^in two in series. 

By suitable regulaGon ofra continual process for distilling the 
exce.ss mixture (air) described by ’W. Lachmann,’ it is possible to 

1921, 28711. 

*J., 1921, 237b. 

® J., 1921, 381e. Times, Oct. 14-17, 1021. 

» Comptes rind., 1921,162, ^42 ; J., 1921, 214a. 

’ U.S.P. 1,393,059 ; J., 1921, 471a. 
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obtain either nitrogtin or oxyge\i in ajraro stab; from the rectifying 
column, bbt not both. , 

The advantage of a* process protected Viy the Badische Anilin 
und Soda Fabrik* for the manufacture of nitrogen-hydrogen mixtun; 
is said to reside in the fact tiiat the gasilicalion j)(>riods may be 
considerably extended ; if the water vapour Ix' ])re-heate(i the 
intercalation of the heating periods may even be entirely disjjenscd 
with. The gas mixture may be ]>repai’ed by introducing air with 
the steam into a water-gas producer or by mixing w ith Dowson gas 
in suitable proportions. 

The (JIaude process is described in detail by J. H. West.* In 
principle, it is similar to the Haber process, l)ut, whereas Haber 
works at a pressure of 200 atmos])her('s, Claude uses flOO atmos¬ 
pheres and a temperature of about ()00° C. One repult of this 
high comprc.ssion is tliat small J)il)e-v^()rk minimises the dilbeulty 
of gas-tight joints and valves. The chief advantage of the pr(KX‘.ss, 
however, is specsl and economy in the actual combination. TIu' 
proportion of combination is much higher at 900 atmosjiheres than 
at 200, and therefore the heat producer by the ivaetion is also 
higher. In th« Haber j)lant catalyst vessels are of very large 
size in order to minimise radiation losses, but in the Claud(‘ pioeess 
these vessels are (piile small. Comiiarative efiicieneies (expressed 
as grams of the product per hour ))c'r litre-volume oceuj)ied by the 
catalyst) are Haber 350MO0 gram.'l) and Claude .')(K)0-07(H> grams. 
The time required to start the Haber jrlant is three days, wbr-reas 
.the Claude plant will produce arrtrnottia in 4-5 liours, starling all 
cold. Claude catalyst tubes are of Vicronic, or high tensile alloy (c.ast 
solid and bored out), and the ba.sis of the cataly.st is peroxidised 
iron. ' , 

In the recovery of the ammonia the Claude process shows advan¬ 
tages over the older process. Under the Haber condijions of 
200 atmospheres w'ater is injected into thrr system, rtnd the ammrmia 
recovered as arr ariueous solution. At tK)0 atrnos 2 iheres sirnjrlc 
> water-cooling is sufficient to liquefy the whole of the arnrflorria with 
the excepti’on of 2-3%, ‘which can be removed by absorirtion in 
sulphuric acid. ^ 

L. Dujjarc and C. Urfer*® protect a process for- the jrroduetion of 
catalysts for ammonia .synthesis by which a jrulvrrrulent mass is 
produced consisting of a reducing metal (alrrrniriiura or mag¬ 
nesium) distributlxl in a fincly-dividpd and pure state over the' 
oxides of such reducing metals as lithiuRi, uranium, calcium, 
barium, strontium, titanium, etc. which serve as the carrier. Cata- 
l 3 rsta pro<‘luce(l by this proce,ss arc sa'id to be highly active and 

■ ‘ E.P. 145,058 ; J., 1921, 508a. 

»J., 1921, 420b. 

4* E.r. 140,001 ; J., 1921, 409a. 

t 
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may be utilised for tlje synthesis of afiimonia at atmosidierio pressure 
and at temperatures between*250°-60()° C. • 

A catalyst for amifioftia synthesis and tlfc process of preparing 
it is described by J. €, Glancy.’^ 

A process for the mifnufacture of catalytic iron, e.specially free 
fi'oni inhibitive*substances, for ammtfhia synthesis, has been covered 
by the Nitro-Fixation Syndicate, Ltd., and H. C. Jenkins.** 

Nilmjcn Fimtioii (Other Methodn). 

The preparation and properties of calcium cyanamide have 
bt'en investigated by N. Kamcyama.** It has been found, inter alia, 
that when calcium cyanamide is prepared by igniting urea witli 
lime, calcium cyanatc is formed '.is an intermediate pi'oduct at 
temperatures below 3(K)° C., transformation fnto cyanamide occur¬ 
ring slowly at 340°-3(>()° C., and rapidly at and above 450° 0., 
and that heating should be of .short duration to prevent oxidation 
of the cyanamide ; 5-7 minutes is adequate. 

T. (!. Hagemann** fiwnishes details of the power cost in the 
are process of nitrogen fixation, showing that the yigld per kw.-year 
amounts to only 115 kg. of fixed nitrogen, as contrasted with 
45()-.500 kg. yielded by the cyananlidc process. Graphs are given 
showing the cost of energy in the’arc jirocess as a percentage of the 
market price, the latter being taken as either £150, £100, or £73 16s. 
per ton of combined nitregen. Cheap water power is taken as 
costing £1 4s. per kw.-year, the average cost of water power is 
e.stimated at £2 per kw.-year, and steam-generated power at £3 15s. 
per kw.-year. At a power cost of £2 6s. per kw.-jear, power 
charges amount?td 15% and 20%*respectively of the market prices, 
£150 an^lAoO pei- ton of combined nitrogen. 

In the arc process for manufacturing calcium nitrate, 15% of 
the yiel9 is obtained as sodium nitrate, the market price for the 
combined nitrogen of which is 67% more than that in calcium 
nitrate. . 

G. Polysius'* provides for the lining of calcium ,cyanamide 
furnaces with quartzite, cement, or concrete, with or without 
•admixture of cenSont clinker. No reaction takes plac^ between 
the charge and the lining, nor does the charge adhere to it. 

The Paycrische Stiekstoff-Werke A.-G.*'parent a process and 
furnace for the production of high-grade irude calcium cyanamide, 
by which the nitrogen^ecessary for the reaction is broSght into the 

»' U.S.P. l„l«.S,.S92-3 ; J., 1921, 469a. 

E.P. 159,960; J., 1921, 300a. 

»> J. Coll JCng. Tokyo Imp. Univ., 1920, 10, 173, 209, 24!l; J., 1920, 818a 

“ Chem. Trade J., 1921,68,170 : J.. 1921.14,7a. 

G.P. 330,sf43 ; J., 1921, 2.59a. 

“ G.P. 390,613 ; J., |921, 346a. 
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furnace through channels in tHe wall. Small pharges are arranged 
together in the furnace and the ignition point is attained simul¬ 
taneously. ' ' ' ' 

The dissociation pressures of iron nitrides have been calculated 
by A. A. Noyes and L. B. Smith.” Prom'the data they afford no 
hope is entertained of the direct synthesis of amiionia from iron 
and nitrogen. 

A method for the production of ammonia and ammonium sulphate 
by the action of steam on cyanogen compounds formed in the 
distillation of organic nitrogen compounds is patented by F. J. 
Collin, A.-G. zur Verwertung von Breimstoffen u. Metallen.** 

T. C. Hagemann gives figures representhig the costs for the 
arc process of nitrogen in order to show that this process is profitable 
in Norway. Power represents half the running expenses. Calcium 
nitrate is now being exported from Norway in increaBin[' quantities. 

A mmonium Ctniipomuh. 

A process for the direct production of jimmonium chloride from 
ammonium carbonate has been patented,^” based on the passage 
of dry or almost dry hydrogen chloride over dry neutral and/or 
acid ammonium carbonate, or. into solutions containing the same 
in suspension, with or without •ammonium chloride, in addition. 
After separating the solid product the mother liquor is subjeetesl 
to treatment with ammonia and carbon dioxide, liberated by the 
action of the hydrochloric acid on a previous quantity of the material, 
to produce a fre.sh suspension of ammonium carbonate. 

R. Ijessmg®* has found that the impurities wliich colour com¬ 
mercial anfmonium sulphate exist as a fine depo.sit on the surface of 
the crystals and that by agitating the product from the saturator 
with an upward current of slightly acid saturated ammonium 
sulphate solution at approximately the same temperature as* the salt, 
a white sulphate can be obtained. The dirty solution is filtered, 
and re-used, the white sul 2 )hate being centrifugeff and qeutralised. 

Acid ammonium jihosphate is prepared by passing ammonia 
into a soltition of phosiinoric acid, sp. gr. 1-26, until the specific 
gravity reaches 1-28, when acid ammonium pl¥isi>hate is preeijn- 
tated. * 

A process for the production of iron-free ammonia alum has 
been patented by R. Gans.*’ The purity of the alum jirejiared by 

" C’hem. Age, 1921, 4, 35S ; J., 1921, 298a. t 
G. P. 328,829 ; J., 1921, 389a. 

>' €hem and Met. Kng., Mar. 23, 1921 ; X, 1921, 218r. 

Wageninanfl> Seybel u. Co., G.P. 323,038 ; J., 1020, 722a. 

. « E.P. 102,706; J., 1920, 819a. 

^ Gewerkschaft ver. Constantin dor Grosse, O.P. 307,093 ; 1921, 45a. 

,2!* E.l»..132,510 ; J., 1921, 79a. 
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this method is of tlip order of O'l%*of iron referred to the alumina 
content. ^ ^ • 

A process for traiuJorming free or coJnbined ammonia into 
ammonium sulphate has been devised by G. N. Vis.^‘ Ammonia 
(free or combined) witlt steam and inert gas is absorbed by means 
of sodium bisulphatc practically fifee from uncombined sulphuric 
acid to obtain a double sodium ammonium sulphate. The resulting 
solution is diluted and cooled so as to crystallise out Glauber salts. 

An invention of C. Still relates to saturators for producing 
solid salts by the interaction of gases with liquid, and particularly 
to ammonium sulphate saturators. 

W. Wyld“* in an interesting a' ticle deals with the distillation of 
ammoniaoal liquor, indicating several modifications to the usual 
tyjie of stills, used both for the release of ammonia from ammoniacal 
liquor, andf for the production of caustic anfmonia after the release 
of carbon dioxide and hydrogen sulphide, etc. 

A.-G. fiir Anilinfabr.” prepare powdered ammonium sulphate 
by spraying througii ammonia gas under pressure, solutions of 
ammoniffm bisulphate n sulphuric «.cid. 

Further details of the manufacture of ammoniyin chloride and 
potassium nitrate are described by Badischc Aniiin u Soda Fabrik.^“ 
To economise the use of fuel ill the treatmemt of ammoniacal 
liquor J. H. Fairweather coni^entrates the liquor in a Kestm^r or 
other evaporator, releasing n»st of thi^free ammonia, which is 
absorbed in known manner'. The residual li(iuor jiasses through a 
lieat interehangerr back to the gas woiks circuit, and circulation 
is continued until the content of fixed ammonia is such as to warrant 
complete distillation. ^ 

G. P. Heisclf “'^patents a sulplMe of ammonia saturator in which 
provisiijnrus u*uo for the introduction of the ammonia gas by 
tangential jets in an annular pipe. Thus a vortex motion is set up. 

P. Parrish and South Metropolitan Gas Company cover the 
m.anufacturc of ammonium .sulphides by a iirocess which necessitates 
the maintenance of the liquor in a preliminary still at a specific 
temperature and pressure. • t 

In a method and apparatus for the recovery of ammonia from 
ammoniacal liqufji, W. C. Holmes and Co., M. Boocock, and W. 
Wyld“ provide jackets (to the chambers in wljicli the liquor is 

U.S.l*. 1,306,301 ; J-, 1021, U7a. 

O.P. 328,394 ; X, 1921, lljA. 

Chem. Age, 1921, 4^3.')8 ; J., 1921, 298a. 

“ G.P. 329,359 ; X, 1921, 217a. 

G.P. 306,334 and 307,112 f X, 1921, 179.A, 470a. 

“ E.P. 105,833 ; J., 1921, 582a. 

""E.P. 100,0.36; X, 1921, 583a. 

•' E.P. 107,540; X, 1921, 094a. 

»•- E.P. 107,719; X, 1921,*094a. 
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heated and sprayed) through which other gases are passed, and the 
liquor is preheated by passing it through tubes which traverse 
the jackets. 

A.-G. fiir Anilinfahr.’’ manufacture solid "ammonium chloride 
by permitting hydrochloric acid gas and a^inmonia to react in the 
presence of a fine spray of wkter. The quantity of the latter is 
adjusted to absorb, by vaporisation, the heat of reaction, which is 
thus permitted to proceed to completion. 

Nitric, Acid and NilraUx. 

Details of the ammonia oxidation plant of the Hochst Farbwerke, 
erected at a cost of about £1,000,(M)0, and having a capacity of 
24,000 tons of ammonia, or 140,000 tons of nitric acid, per annum, 
are described by J. R1 Partington.^^ The sources of ammonia in 
connexion with this plant are;—(1) Synthetic (25-27% NHj); 
(2) Concentrated gas liquor (20% NH „), and (.>) eyanainide ammonia 
liquor {22-21% NH.,). The li([uor is rectified in four stills each 
with a capacity of 20 tons of ammonia p.r day. Ammonia from 
gas liquor is s.crubbed with caustic soda solution (48 -53° Tw.) 
and passed through charcoal ]>urifiers, metered through Venturi 
meters, then driven by centrifugal blowei-s to the filters and con¬ 
verters. The mixture is maintained at 12-5'/„ NH^ (by volume). 
After filtration through c'ght layers of linen cloth the giis is passed 
through two central mains to the converter house, whence it is 
diverted to the 224 converters. The maximum output of each 
converter is 1'.5 tons HNOj per 24 hours, the efficiency of oxidation 
being 89%, The over-all efficiency (including absorption and 
concentration of weak acid) is 84%. 'I'hc body of tlu; converter 
is cast iron and the catalyst a platinum gauzi* 'A) in. in diameter 
supported on a grid of stout platinum wires. The gases from the 
converters are passed to four rows of eight ahsoq)tion towers, 
each row of towers being provided with twelve crmlers of special 
design. The towers (41 feet high by 21 feet diameter) are of brick 
and packed with stoneware rings. The internal volume of all 
towers is equivalent to 81 cub. ft. per lb. NGj absorbed per minute. 
Twenty-five per cent, of the oxides are absorbed as nitrates by 
saturated sodiuija carbonate solution fed to the last two towers, 
and the nitrate is evaporated by waste heat from the converters. 
The remaining towers are fed with water for the production of 
nitric acid. The acid from the towers is wate-’-cooled in silicon-iron 
coolers and received in brickwork stock tanks. The tower acid 
is concentrated by mixing seven parts of this acid (60% HNO3) 
.with one part of sulphuric acid, and then de-nitrated. 

”G.P. 320,619; J., 1921, 178a. 

i'J., 1921. 1G5k. 
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Intenating expcriflienta affeotiiig \hc mamifacturo of nitric acid 
l)y the Schonhorr ^arc process have been made by F-. Kodera, 
I. Kitawaki, and B. Tokohama.““ * 

N. 0. Hill and H* Moylcr’* describe an apparatus for the 
continuous ma^jufaoture of nitric acid. A rotating retort is used, 
alkali nitrate being introduced midway into a flow of hot sulphuric 
acid, which gradually merges into a flow of bisulphate. At a 
point adjacent to that at whic^h the sulphuric acid is introduced, 
the nitric a(dd vajiours are drawn off. 

The Badische Anilin und Soda h'abrik^’ patent a process for 
catiilytic conversion of ammonia into nitrogen oxides. The catalyst 
in this process consists of cojipcr ixide with a lesser quantity of a 
com])ound of lead and manganese containing active oxygen. A 
yield of 9(j% of nitrogen oxide.-: is obtained by passing a 
7% aminonia-air mixtun- ov'er the, catalyst. * 

To obviate the formation of ainraonium nitrate and ammonium 
nitrile N. Duparc and (f IJrfer patent a method for the direct 
oxidation^of ammonia. A mixture of four volumes of ammonia 
and seven volumes of oxygen is passed in an undried state at a 
comparatively high velocity over a catalyst of rhiKlium black or 
asbestos containing :5-r)% of rhodhim, the reacting gases being 
heated to GOOMITO" (!. In this way a yield of !)7-100% of nitrogen 
jK-roxidc is obtained. 

W. Wyld^® deals with the use of ammf)nia oxidation units for 
snljAuric acid manufacture, suggesting the use of two layers of 
vire of 0-0125 in. diameter and 120-150-raesh, as contrasted with 
the usual practice of four layers of 0-005 in. diameter, and 80-mcsh, 
if platinum is tcabij economised. J^o obviate rust reaching, or being 
deposited pk the»italyst, it is recommended that lead pipe should 
be useil ^I'om the still head to the converter. Precautions are 
indicated by which disintegration of the asjiestos washers is 
avoided. A OO'f, efficiency is easily maintained. 

A process of concentrating dilute nitric, acid has been patented 
by H. Frischcr,‘" by which such dilute nitric acid is introduced 
to a liquid, unaffected by it, of high bdiling point. ?hc«phorio 
acid, sulphuric aci*l. and ansenic iicid may be used. The liquid is 
heated to 140°-1C0 ' C., and the nitric vapours are conducted to a 
dephlegmator. 

With an air-ammonia mixture of 8-3% of NH^^by volume and a 
catalyst consisting of a mixture of cobahio and alumipium oxides 

J. Chnn. Iiu]. Tokyo, 1920, 23. 1010 ; J-, 1020, SHa. 

»“IT.S.F. l,:it)2,418; J., 1921, ?8a. 

» G.P. 301,362; J., 1921, 79a. 

»» K.P. 133,041 ; J., 1921, 149a. 

” Chem. Ag^, 1921, 4,150 ; X, 1921, 177a. 

•" E.P. 137,834 ; J., 1921, 215a. 
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in the proportion of 100 parts ‘of cobalt to 2-5-30-0 parts of alu¬ 
minium, a 'conversion of 84-5% is ob'tained by the process of the 
General Chemical Co." ' If the catalyst is prepared at a temperature 
not exceeding 650° C. a conversion as high as 04% is possible, 

A patent for the preparation of oxides' of nitrogen has been 
protected by the Badische Anilin u. Soda Fabrik," by which the 
gas mixture (ammonia-air) preheated to over 400° C. is allowed to 
come in contact only with (a) silica or glazed ware high in silica 
and (5) oxides or carbonates of calcium, magnesium, or aluminium, 
or a mixture thereof in massive form, before reaching the catalyst, 
which comprises base metals or their oxides or mixtures or 
compounds. 

A regenerative furnace for the combustion of nitrogen has been 
patented by Gcwcrkschaft des Steinkohlonbergwerkos Lothringen 
and M. Kelting.*® 

The Badische Anilin u. Soda Fabr.** cover a process for the, 
prorluction of nitrogen by which producer-gas is burnt with a 
slight excess of air, pure hydrogen being added to combine with the 
excess of oxygen, and carbon dioxide ancf other impurilles subse¬ 
quently eliminsfoed from the gas. 

In an article on the concentration of nitric acid, by K. Oalle,"’ 
it is pointed out that the maximum strength of the nitric acid 
prepared by the oxidation of atmospheric nitrogen or of ammonia 
is 50% nitric acid. Deta’iLs of the. Pauling tower as improved for 
this purpase by Hoenig and results of working arc given, as also 
particulars of laboratory experiments showing that, with an effective 
fractionating column, dilute nitric acid can be concentrated to 
65% HNO 3 ' without the use of sulphuric acid, with .no appreciable 
loss. 

A eontinuous process for the manufacture of concentraUsl 
nitric acid is suggested by Bayerische A.-G. f. Ghetn. u. Lrndwirt- 
schaftl. Fabrikate, H. Hackl, and H. Bunzel,*' Ijy the treatment 
of heated barium nitrate with sulphuric acid in a vessel through 
which the mixture is conveyed by a screw. 

A process for evaporating nitric acid is jmotecled by the 
Badische Anilin u. Soda Fabrik*’ by whiclt acid is passed 
over heated metallic surfaces or bodies at a temperature of 
180°-250° 0., in such a way that the liquid is kept from contact 
with these by a Ipyer of vapour. 

" E.P. 136,158 ; J., 1921, 258a. 

« G.P. 303,331 and 307,001 ; J., 1921, 300a. 

“ G.P. 331,4^8 ; J., 1921, 300a. 

** G.P. 306,30^; J., 1921, 302a. 

- “ Z. angew. Gkem., 1921, 84, 168, 173 ; J., 1921, 385a. 

*• G.P. 307,601 : J., 1921, 432a. 

I? G.P. 335,762 ; J., 1921, 508a. 
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Porous ferric hydroxide or antimony oxide or a mixture of these 
under pressure and g,t low temperature, i^ desired, is used by the 
Badischc Anilin u. So3a* Fabrik" as a catalytic medium for the 
conversion of the low 8 r cj^ides of nitrogen into the higher oxides. 

The manufacture of nitric acid from the air by the explosion 
method is described by F. Hiiusser.*®* • 

J. R. Partington®* protects a process for the oxidation of ammonia, 
whereby ammonia and steam are mixed in the presence of oxygen, 
and the preheated mixture is passed over a heated catalyst. 

A process for concentrating nitric acid is described by H. 
Frischer. 

A. R. Frank and N. Caro“ protect processes of ammonia oxidation, 
in which (a) the contact agent forms a resistance in an electric 
circuit, and is thereby heated uniformly, or {b^ the contact agent is 
constituted of metallic gauze. 

H. W. Webb®* communicates interesting information concerning 
an investigation made to determine the effect of individual variables 
by altering only one variable in any particular set of experiments. 
The results show mainly that working in glass apparatus with 
sodium nitrate : acid ratio of 1:11 % weight, decreasing the 
acid strength from to (thus decreasing the molecular 
ratio of acid, and increasing ti;e water present in the system), 
the yields of nitrogen in all formp increase!^about 1 -S% to a maxi¬ 
mum of 08-7%, although very little difference in yield was found 
between .strengths of from 93% to 85% HjSO,. The losses of 
nitrogen, which existed mainly in the nitre cake, fell from 0-5% 
to zero. Working on a small-scale works plant the results con¬ 
firmed those obhiiued in the labo^^tory, although the aStual nitric 
acid yield ^ftl off 4 / from 5% for the 96% acid to about 2-5% for 
.acid of 95 % strength. The nitrogen recovery, all forms, was as 
high as that ex)aericnced in the laboratory experiments. Using 
the acid of optinyim strength 91% as shown above, and varying 
the weighty ratio from 1 NaNOs: Idl HjSO. to 1 NaNO,: 0*934 
HjSO,, no marked difference was obtained in the nitric acid 
recovered or of nitrogen, all forms, whiefi were 97*5%-^8%, and 
!t7*8%-98*6o/o resp»ctively when working in glass in the laboratory. 
The same conditions on the small-scale works plant with 92% 
strength, however, gave a marked difference in the nitrogen yield, 
which fell off appreciably with a decrease in th 6 ratio of sulphuric 
acid, from approximately 98% to 94*7%, and yield oi nitric acid 

“ G.P. 336,910; J., 1921, 508a. 

*» Stahl u. Siam, 1921, 41, 966! 999 ; J., 1921, 680a. 

'» U.S.P. 1,378,271 ; J., 1921, 683a. 

“ G.P. 307,613 and 303,271 ; J., 1921, 623a. 

®» G.P. 303,8*4 and 304,269 ; ,J., 1921, 623a. 

®® J., 1921, 212t. 
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of from !)5-8% to !K)-f)%. 'rtio reason for these low results was 
traced to'the action of the iron of tW retort, ivhich was attacked, 
much iron being found in the nitre-cake. '* 

An investigation by H. W. Webb** of tho*effeet of the presence 
of chlorine and hydrochloric on the absorption of nitrous gas 
has shown that when a mixture of chlorine and nitrogen peroxide 
diluted with air is passed through a series of absorjition towers, 
there is a point where nitrogen peroxide is rapidly absorbed with 
the formation of an acid containing 55-60% HNO 3 and very 
little chlorine. Tests were carried out on a series of eight towers 
(counter-current principle) with varying rates of water feed. From 
the results it was noticed that a sudden rise in concentration took 
place when t.lie acid attained a concentration of 35-40% HNO3, 
and that this coincided with the greate.st decrease in chlorine 
content. The tower in which this occurroil varied with the rate 
of water feed. 

The influence of chlorine on the absorption of nitrous gases is 
explained as follows : At approximately 54% HNO;,. nitric acid 
contains only combined wak'r (HNO 3 .SH 2 O} and tht reaction 
HNOj-l-SHtflfT^ N()(U-|-(!l 2 -|- 2 Hj() takes place only with acid 
above this strength. The main reaction in the finst towers is the 
conversion of the hydrochloric into nitrosyl chloride and chlorine, 
but when the gases meet with acid containing free water the follow¬ 
ing reactions commence: (k) NO(ll-l H»0 HNOj-f-HCl ; 
(2) CUdH^OHClO-1 HCl; (3) HNO^-I-HCIO -* HNO 3 + 
HCl. The chlorine thus oxidises nitrous acid (formed from the 
nitrosyl chloride) and also accelerates the conversion of nitrogen 
peroxide to nitric acid by oxidising the nitrous acid formed by the 
reaction between nitrogen peroxide and water, aiid by displacing 
equilibrium, causing a more rapid absorption of nitrogen peroxide. 
Reactions 1, 2 and 3 proceed rapidly until the nitric acid content 
is such that no fice water is present, then the ’•eaction’HNOj-l- 
3 HCl-’N 0 t:i-fCl 2 - 12 H 20 takes place. 

A method for the prevention of nitrogen losses in th .5 oxidation 
of ammonia is protected by H. Frischer. '* 

•' Aluminium and Compounds. 

To facilitate the. precipitation of iron from aluminium sulphate 
solution by the -addition of a potassium salt and 5-10% excess 
of alumina-(E.P. 9148 of 1914) the additio" of impalpable mud of 
ground silicious residues from the treatment of aluminous minerals 
or native aljjnite is suggested by** P. Spence and Sons, Ltd., H. 

*‘ J., 1921, 163t, 212t. 

** G.P. 301,681; J., 1921, 694a. 

, ** E.P. 161,606 ; J., 1921, 389a. 
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Spence, and W. B. Llewellyn. l*liis process admits of ready 
separation of basic ferric potassium sulphate. 

R. H. Tinglcy descrilTes the alunite deposits in the Tushar Moun¬ 
tains, Marysvale, Utafe where the mineral (K 20 , 3 Alj 03 , 4 S 03 , 
OH 2 O) contains 37% of aluminium oxide. It is said that the Tushar 
deposits resemDlc those at Tolfa, Ital^. The view is expressed that 
these deposits will afford sufficient alumina, as well as potash, to 
meet all American requirements. 

For the manufacture of alum and aluminium sulphates, 
A. Matheson‘® proposes to lieat alunite to 700°-!K)0“ C. in a furnace 
having superposed hearths. Sulphur gases from the furnace pass 
into a chamber at 400°-5()0° C. containing a portion of the roasted 
ore. Sufficient water is added to form sulphuric acid. After 
treatment with the gases the product is lixiviated to recover alum 
and aluminfum sulphate. * 

J. Coggin Brown‘“ contributes an article having reference to the 
occurrence and exploitation of bauxite in India. 

• Ar«on .wd Other Rare Gases. 

According to a patent by E. Barbet et Fils et Oie.-'’ liquid argon, 
containing small quantities of niti;ogen, is drawn from an air- 
rectifying plant and vaporised in a plate rectifying column, by 
means of a coil containing cold fi^iseous nitrogen. The vapours are 
passed through a condenser immersed in liquid nitrogen, and the 
liquid argon so obtained is returned to the top of the column, while 
uncondensed vapours pass back into the air rectifier. Another 
fraction from the air rectifier containmg neon and helium, wdth 
some hydrogen,apd nitrogen, is cooled, compressed,"'and then 
fractionally)evap#''ated so that liquid nitrogen separates, while 
neon, heltum, and nitrogen are vaporised. These gases are then 
cooled tasuch an extent that neon is liquefied aqd drawn off. The 
helium is separated from hydrogen by passage over wood charcoal. 

Xenon and krypton, drawn off from the bottom of the air rectifier, 
are separate by a similar process of evaporation. 

Arsenic. 

It has been found" that delicate and precise adjustment of the 
draught, and efficient and quick cooling, are essential if a pure, 
dense arsenic trioxide is to be recovered froni the blast-furnace 
flue dust and Cottrell ^ant dtist. The cooling chambere should be 
deep, and their width should increase as they leave the furnace. 

« Air Mag., Oct., 1921; J., 1921, 407r. 

“ E.P. 167,555 ; J., 1921, 694a. 

J. 0 / Ivd. and Lab .; J., 1921, 195k. 

«» E.P. 129,9*9 ; J., 1921, 141a. 

“ E. C. Williams, Eng. and Min. J., 1920, 110, 671; J., 1920, 747a. 
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IBromine. 

In Germany the jAfoduction of broraipe increased from 7500 kg. 
in 1867 to 866,000 kg. in and during the same period the 
production in America was augmented froUi 5000 kg. to 3,236,000 kg. 
W. Hiittner,** in a description of the methods utred for the manu¬ 
facture of bromine, indicates that tlie geneial jHocess consists in 
the decomposition of bromides by chlorine, but in a few works, 
he observes, the electrolytic process is employed. 

(^ALCliTM Sai.t.s. 

Fused calcium chloride is manufactured'-' by the passage of 
hydrochloric acid gas, or waste gas containing it, through a tower 
packcsl with lumps of calcium carbonate. The heat of reaction 
concentrates the solution of calcium chloride as it descends the 
tower, and such liquor which collects at the bottom solidifies on 
cooling. 

L. Roon" patents a process for the manufacture of calcium 
carbonate by the atomisatitin of milk ov lime, and th(' reaction of 
carbon dioxide with the resulting mist. 

(Iarbon. 

The development of gas warfare has resulted in an immense 
advance of knowledge m the preparation of activated and decoloris¬ 
ing carbon ; indeed, the subject has been rescued from the state 
of general empiricism in which it Inui hitherto reposed. 

E. G. R. Ardagh" has contribute-d a paper on the subject, in 
which the main conclusions of tjje American workers, N. K. Chaney 
and F. W. Zerban, associated with the U.S. tihemical Warfare 
Service, and other State departments, arc confirmed by iildependent 
experiments. Hp also suggests other aspects of the problems of 
preparation which have arisen during his experiments. 

It is firmly established that activation is promot<-d by : (a) tlu' 
use of nitnjgenous carbonaceous material, or (5) one containing 
lime or silica, natural or impregnated ; (c) high tiunperaturc and 
prolonged treating; (d) extracting the imp'-egnating matei ials 
from the carbonised product to improve capillarity; (e) fine 

grinding to give large contact area. No mention is made of 
carbonisation under moderate or high vacua. Based upon N. K. 
Chaney’s hypothesis the successful.preparation of active carbon 
from anthracite as a raw material was maue possible. The paper 
contains references mainly dated from 1918, upon which much of 

Chem-ZeU., 1921, 45, 49 ; J., 1921, 115a. 

“ A. Riedel, G.P. 327,807 ; J., 1921, 17<Ja. 

“ U.S.P. 1,372,193 ; J., 1921, 340a. 

“ J.; 1921, 231t. 



ACIDS, AIKAUS, SALTS, «5TC. 


179 


the paper has been abjy construeted ;* undoubtedly the references 
themselves form a vg.luable bibliography of the subject. ' 

An article on the ab’sofptive power of chifrcoal is contributed 
by H. Herbst,*® wherdn it is suggested that this depends partly 
on the content of pure ainorjihous carbon, and can in some cases 
be increased by removing tarry impurtties by means of a solvent, 
or by distillation, or by destroying by chemical means as in the 
Aussig zinc process. 

F. 0. Dychc-Tcague'” protects a jirocess for the production of 
pure carbon by wfliich carbon monoxide produced by the passage 
of carbon dioxide (arising in a subsequent stage of the process) 
through coke in a gas-fired retort , is decomposed into carbon and 
carbon dioxide by catalytic action. The carbon deposit and 
catalyst are sejiarated by a magnetic field or by gravitation. 

' O 

tiilROMIUM and SaI.TS. 

It is stated'““ that chromium ore has been mined at several 
localities in a'cw (!aledonia,*l)ut thattheVichest and most prixluctive 
mine i.s that of the Tiebaghi Mine, I’aagonmenc, Exports in 1920 
wen: 91,536 metric tons, of which the Tiebaghi Mine furnished 
74,317 tons. , * 

Reference is made'"’ to the chromium deposiJ< at Raotina, near 
Skoplje, along the Vardar Rivei^ and at !Subostica, in Bosnia. 
Apparently the Germans took advantage of the deposits during the 
w ar, recovering in the former case about 1.50 tons per day. 

A yiroccss for the conversion of chromate and bichromate of 
sodium or jiotassium into chromium sulyihatc is described by 
F. M. Mooiu‘y.’“' A. solution containing chromium trioxide is 
c(.oled to •rysta’d'.ic Glauber’s salt, and after separation of the 
crystals, sujphur dioxide is passed through for effecting the reduction. 


Copper Sulphate. 

R. E. Bea” converts copper waste into crystals of copper Sulphate 
by suspending in dilute sulphuric acid a perforated receptacle 
containing the copy..‘r waste (into wliich dips a leaelen anode), 
and a porous pot filled with dilute sulphuric acid in which hangs a 
leaden cathode. By this arrangement the deposition of copper on 
the leaden cathode is obviated, 

' “ Biochem. Zeils., 1921, 115, 207 ; J., 1921, 388a. 

O.P. 100,501 ; J., 1921, 347a. . 

J., 1921,411b. 

*' V.S. Com. Rep., 29. 12. 1920; J., 1921, 91k. 

U.S.P. 1,379,178 ; J., 1921, .544a, 

" E.P. 147,089 ; J., 1921, 178a.' 
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Foemic and Acbtic Acids, Etc. 

M. Endorli” protpcts a process for the' irianufacture of sodium 
formate by treatment of sodium sulphatciwith carbon monoxide 
in the presence of milk of lime. The dilvk,ion of the sodium sulphate 
exerts considerable influence on the reaction. ' 

Interesting details concerning the manufacture of acetic acid, 
and the extensive developments which have taken place of recent 
years, are described.’® Reference is made to acetic acid from 
pyroligneous acid, and it is indicated that importance attaches to 
the methyl alcohol produced from pyroligneous acid. The proba¬ 
bility of methyl alcohol bearing the expenses incurred in selling 
the acetic acid at “ cut ” prices, in order to meet competition from 
the synthetic product, is foreshadowed. For this reason it is 
concluded that the, synthetic acid must be sold at a figure below 
present market values if an economical struggle with the wood 
distillation product is contemplated. The stages in the production 
of acetic acid from calcium carbide, vi:.: (a) The generation of 
acetylene and its purificij,tion; (h) ^hc catalytic hydration of 

acetylene to form acetaldehyde ; and (c) the oxidation of the latter 
to acetic acid, are described in some detail, and finally an indication 
is given as to the outlook foi; synthetic acid. 

Haloids. 

V ' . 

The manufacture of chlorates, bromates, and iodates is covered 
by a patent of H. Schulz.” A high yield of chlorates is obtained 
when halogens and air at atmospheric or inereastxl jnessure are 
passed into an aqueous suspension of any suitable oxide or hydroxide 
in the pJesence of a catalyst, such as manganese* dioxide. Alterna¬ 
tively air may be passed uito a solution in which thq catalyst is 
suspended and in which a halogen is being generated. In the 
absence of the use of air or a catalyst only a.l(i% edhversion is 
possible. 

Hydrochloric Acid. 

T. L.'Bailey’® indicates that inferior fuel has been responsible for 
inefficient distribution of heat in saltcake fuinaces and pots. To 
remedy this and to eliminate smoke a supply of preheated tertiary 
air has been admitted to the fire through a 4-in. cast-iron pipe at 
such a point as tb secure the necessary indraught of air. 

The utilisation of hydrochloric acid in' lieu of suljihuric acid is 
suggested by H. Hackl ’• for the treatment of crude phosphate, 

”E.F. 165,163 ; J., 1921, 683a. 

’> J., 1921, at6R. 

’* G.P. 328,211 ; J., 1921, U7a. 

’® J ; 1921, 279r. 

’• Chem.-Zmt., 1921, 46, U9 ; J., 1921, niA. 
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dicalcium phosphate being subsequently precipitated by means of 
milk of lime. • , , • 

A new method for thj purification of hydrochloric acid is indicated 
by J. Lamquet,” by whitjfi arsenic, chlorine, and sulphur dioxide 
can be removed irom commercial hydfochloric acid by the simple 
addition of hypophosphorous acid or one of its salts, the reactions 
being represented thus :— 

SHjl'Oj + 4AsCl 3 + OH.,0 SHPaO, +12HC1 + 4As. 

H,P0j + 2Clj + 2Hj0 = Hjr04+4HCl. HjPO 2 +SO.,:-H 3 P 04 +S. 

By using the barium salt, sulphuric acid is precipitated at the 
same time. 


Hydeogen. 

( 

The extension of synthetic ammonia production, and also of 
hydrogenation generally has demanded detailed investigation into 
existing, and possible, methods of hydrogen production. 

A very cemprehensive rgview of existing practice, and possible 
developments is given by E. K. Rideal: “Although industrial 
uses of hydrogen admit of a wide variation in inherent purity, so 
far as the basic principles of production are concerned, steam-iron 
and water-gas catalytic processes predominate, electrolytic methods 
being dependent upon the hydrogen evolve^ iffe a by-product in 
electro-chemical processes.” 

Developments in the steam-iron process centre around an increase 
in the reduction mass conversion, Fe — FeaOj, which at present 
only attains 1 %. Activated reduction masses, i.e., FcMn, FeCu, 
whilst giving better •yields initially,* arc susceptible to irreversible 
poisoning, aild an independent line of investigation consists in 
increasing the mass contact area by projecting the finely-divided 
mass at either stage into the gas zone. • 

The consumption, of steam, and therefore of heat, during the 
steaming phfisc, leaves much to be desired ; this exceeds the 
theoretical quantity by as much as ten timers. Additional studios 
of the system, hydrogen-water-iron-iron oxides, in conjunction 
with those of the w .ter-gas reaction, arc necessary to determine 
the optimum conditions favourable to water-gas economy 9uring 
the reducing process. In this connexion the conditions admitting 
of the utilisation of carbon monoxide with of .without plant 
alterations have possibilities. • • 

For the purification oi the hydrogen by this process, general 
methods are available for carhpn dioxide and hydrogen sulphide. 
A suitable treatment for the removal of thiophen.and carbon 
bisulphide exists in the nickel catalytic process of Carpenter and 

" BuU. Soc. Chim. Belg., 1920, 8 », 309 ; J., 1921, 431a. 

J., 1921, lOi. 
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Evans, at present successfully operating oh coal-gas, but which 
would require modi/icaAion for gaseous, mixtures of high carbon 
monoxide content. Another method, hydr/)lytie in character, in 
which a carefully prepared iron oxide-a(uminiura catalyst is used 
is available. The two proce,sse8 differ as follows :r-(l) (ISj-l 2H j= 
C f2H2S ; (2) (1S,-| 2H20=-C02+2H,S. 

The removal of hydrogen sulphide by selective combustion over 
iron oxide with or without j)romot<‘rs, has possibilities, but it is not 
without disadvantages, certain side reactions and even reversibility 
interfering wdth the smooth working of the process. Iron hydroxide 
as a suspension in a liquid medium is also available. 

In spite of the comparative inactivity of carbon monoxide 
purification from this gas by direct absorjitive methods is being 
developed. Helcctiye combustion w'ith oxygen and. utilisation of 
the water-gas reaction, are other independent processes. Selective 
combustion has worked very smoothly on units of 1000 cub. ft. of 
hydrogen per hour. 

t t •• 

Prodtidion of Hydrogen by the Water-gas Catalytic Process. 

This process is already exceedingly promising. The jiresent stage 
of development of the Mond and Langer process by the Badische tlo. 
gives hydrogen for a steam and water-gas consumption whi<!h is 
much lower than thift experienced by the'steam-iron processes. 

Direct Production of Hydrogen from Coke. 

Th(! ideality of a continuous j)rocess of making hydrogen from 
coke basjfd upon the w'at<‘r-gas«.reaction, (!-|-2M^W—tX)2+2H2 d(X!S 
not seem easy of attainment, juincipally because the reactions 
seem to be amenable only to catalytic stimulation, and the ash 
content of coko,-whioh in itself has a marked catalytic effect, may 
vary between wide limits. ■ 

By alternate oxidation and reduction of iron W. Paternoster’* 
covers a^proccss for tip; production of hydrogen. 

A. J. Hale *“ deals fully with the recent developments in the 
electrolytic production of hydrogen and oxygftn. A description of 
non-diaphragm and diaphragm cells is given, cost and lay-out of 
plant are indicated, and the conviction is expressed that electrolytic 
production of hydrogen and oxygen has a considerable future before 
it. , 

G. F. Jaubert *' has patented the manufacture of hydrogen from 
silic6n„and its alloys. The phosphide content in powdered ferro- 
silicon is decomposed by the addition of sufficient water to produce 

’* G.P. 328,691 ; J., 1921, 179a. 

** J., 1921, 123r. 

» U.S.P. 1,366,186 ; J., 1921, 148a. 
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a pasty mass, which is then allied to a solution of caustic alkali 
in a hydrogen genemtor.^ , 

(lases from blast furnaces and electrolytic smelting furnaces are 
treated, according toTl. 'J'oniolo and Officine Elettrochim. Rossi,“ 
with steam in t|je. presence of a catalyst, such as iron oxide, with 
or without an alkali-metal oxide, chromium oxide, or an alkaline- 
earth oxide, and the hydrogen or hydrogen and nitrogen mixture 
is freed from carbon monoxide, carbon dioxide, and steam by 
suitable methods. 

(J. Claude *•’ deals with the manufacture of hydrogen for the 
synthesis of ammonia, the sources suggested being town gas or 
coke-oven gas. Solvents under pressure are recommended for the 
sejiaration of hydrogen and carbon monoxide. 

E. K. Maxted describes a coni])lete unit for the production of 
hydrogen, and its utilisation for hydrog&ation. As regards 
hydrogen production such simple processes as electrolysis of aqueous 
solution and the cyclic water-gas process arc favoured, the latter 
))rocess being described. 'I'he use of reinforced concrete has 
considerably cheapened tlTe cost of the’purifier section of the plants. 
Hydrogen of high purity is furnished with very little skilled control. 

llYrOCHLoSlTES. 

• 

E. Sidler"^ covers a 2 >rocess apd .apparatyev^or the manufacture 
of bleaching powder. The chlorinating chamber resembles a 
metallurgical burner, exeejit that the shelves are in the form of 
))lates, with a central shaft and arms provided with rabbles. The 
lime and chlorine pa.ss in the same direction. 

A. Vfiilf him devised a shaft»shapcd chamber provided with 
various devHes foi jiromoting increased contact and for facilitating 
interaction between lime and chlorine. 

A jirortiss for reducing calcium hyjiochlorite tiO a form suitable 
lor compression ipjo pastilles, balls, or cubes, is protected by Chem. 
h’abr. (Iriqfsheim-Elektron,*’ by using sodium chloride specially 
purified from magnesium chloride ; the product is stated to be 
of much wider application than the u.sual form of bleachiifg powder. 
( 

Iron Salts. 

F. Brandenburg*" patents a process for degomposing salts in 
pans in the working of .spent pickle liquor to ferric o«idc. Prcviously- 

*'• K.p. ir>2,m,';; ./., pril, u8a. 

** Comptes mill., 1«21, 172, Snt ; J-, 387a. 

** J., PJ2I, 279r. * 

«H!.r. 329.178; J.. 1921, 2l(iA. 

•“ G.P. 329,844 ; J., 1921, 301a. 

*’ G.I>. 338,lf7 ; J.. 1921, «9!iA. 

**G.P. 324,259; J., 1921, 116a 
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made ferric oxide is charged into Uie decomposing vessel, which 
is heated, and spent liqnpr is then added gradually and continu¬ 
ously, with constant stirring. A similar process is applicable to 
the treatment of waste liquors containing ferrous sulphate, mag¬ 
nesium chloride, sodium bisulphate, etc. 

Reversible reactions of carbon monoxide with iron oxides have 
been investigated by G. Chaudron.®'' I’erric oxide is reduced to 
the magnetic oxide by carbon monoxide. Temperature thus 
influences the equilibrium. Below 680° C. there is a single system 
corresponding to FC 3 O 4 -I- 4 CO 3 re-t- 4 C 02 . Above 580° 0. there 
are two equilibria before arriving at Fc, viz., FcjOj+CO 3FeO-l- 
COs and FeO-t-CO 7^ Fe-fCOj. Below 580° G. ferrous oxide is 
unstable and is transformed into a mixture of Fc and the magnetic 
oxide 4 Fe 0 -*Fe 304 -l-Fe. 


Magnesite. 

In view of the extraordinary demand for this mineral, many 
developments are taking plUce in Austria, the most ‘important 
mines belong to the Veitscher Magnesitwerke in Styria.*® During 
1913, 123,900 tons of calcined mineral was exported, and in 1920 
about 63,000 tons. 

•s Nitre Cake. 

A contribution by H. T. Calvert and E. H. Norris deals compre¬ 
hensively with the production and consumption, uses, distribution, 
and use in other countries, cte. of nitre cake during the war period, 
1915-19191 When the estimate^ pre-war produstion of nitre-cake, 
namely 2000 tons per month, is contrasted with the rate at which 
nitre-cake was being utilised at the end of 1917, namely 24,000 
tons per month, tfie importance and value of the work of the late 
Acid Supplies Branch of the Explosives Departmejit of the Ministry 
of Munitions are appreciated. The development and, extension 
of the use of nitre-cake, it is stated, saved the erection of Govern¬ 
ment acid* plant capable of a production rated at 8000 tons of 
100% sulphuric acid per month. «. 

A concise review of the methods suggested for the complete 
utilisation of nitre cake is given by W. H. H. Norris.'® Interesting 
particulars are furnished of a suitable process worked out by the 
author in qonjunction with H. S. Dsnny and C. W. Bailey for 
ammonia absorption by which sulphuric acid is entirely dispensed 
with. An illustration of the plant and costs of the process are 

•• CompUs rendr, 1921, 172, 162 ; J., 1921, 146a. 

Times Trade Suppl., 14. 5. 21; J., 1921, 196b. 

« J.. 1921, 407b. 

1921, 208t. 
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given, in addition "to dotailg of a nitre-cake granulation plant, 
method of operation, ^i;d cost of granulaiting such cake. 

I^ERMANOANATBS. 

The cflect of temperature, current density, and concentration 
of the alkali upon the production of sodium permanganate has 
been studied by 0. 0. Hanke and 0. W. Brown,““ using an anode 
containing 92% of manganese. The presence of a diaphragm is not 
necessary if calcium hydroxide, is added to the e,lectrol 3 de in excess. 
The calcium hydroxide apparently forms a film over the cathode 
which serves as a diaphragm. 

Phosphoric Acid and Phosphates. 

Interesting large-scale experiments in the production of phos¬ 
phoric acid from phosphate rock by smcltii^ the latter in a fuel-fed 
furnace, giving a 90% yield, are described by W. H. Waggaman and 
T. B. Turley.®* It is estimated that the cost of phosphoric acid 
by this process will be $49-83 as contrasted wit)! $81-25 when 
produced as acid phosphate (superphosphate) by the sulphuric 
acid process. • 

W. F. Hillebrand and G. E. F. Lundell contribute an article 
on the volatilisation losses of phosphorup#*dtiring the evaporation 
of phosphates with sulphuric acid or fusion with pyrosulphate. 

iStrongly heating a mixture of crushed phosphate rock with 
sand and coke is a process patented by W. H. Allen®® for the 
manufacture of phosphoric acid. • , 

The concentfatfon of phosphoric acid by spray evaporation is 
dealt wijhiiy H.'E. La Bour,®’ who points out that the difficulties 
incidental to the evaporation of phosphoric acid, by reason of the 
formatidn of scale from sludge and metaphosphsftc deposited on the 
heating surfacesp arc avoided. The Them. Fahr. Marienfelde ** 
jirotect a.process for the manufacture of a solid, non-hygroscopic 
form of phosphoric acid in w-hich starch.paste is add^ to dilute 
phosphoric acid and stirred at 15°-20° G. The mixture is then 
dehydrated in vaf"o or in a current of air at 30° C. Th§ product 
obtained may contain up to 25% of fiee phosphoric acid and may 
be used as a substitute for tartaric acid in Jiaking powder etc. 
Interesting information and statistics eoncemiug the phosphate 
industry, the sources, of sif^ply of mineral phosphate, and the 

•“ J. Phys. Chem., 1920, 24, 608; J., 1921, 78a. 

®* Chem. and Mel. Eng., 1920,^, 1057 ; 1921. 77a. 

J. Amer. Chem. Soc., 1920, 42, 2609 ; J., 1921, 78a. 

®* U.S.P. 1,368,379 ; J., 1921, 215a. 

” Chem. and Met. Eng., 1921, 24, 466; J., 1921, 216a. 

•• G.P. 336,474; J., 1921, 608a. 
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manufacture of superphosphate arc given by*W. Packard.®® It 
is stated that reliable estiniates of the world’s output of superphos¬ 
phates are difficult to ootain, but it may be assumed that in 1913, 
seven million tons of phosphate rock w'as a^idihed, producing over 
twelve million tons of suix-rphosphate. The following figures may 
be regarded as the approximate annual production of the. principal 
countries :—America, 3,000,(100 tons ; France, 1.800,000 tons ; 
G<wmany, 1,.'>00,000 tons; Great Britain, 900,000 tons: total, 
7,200,OO'O tons. 

Dealing with the aspect, of reverted and insoluble phosphate, 
as contrasted with sujierphosphate, the only form of water-soluble 
phosphate, the view is aliirmed that the demand of the latter is 
not likely to suffer, if for no other reason than that a quick return 
is afforded for the money expended. 

Sou.x Anu Potash Salts. 

Max Muspratt'®® announces that the Leblanc process has been 
superseded by the electrolytic, process. < ' 

An interesting article dealing with the chemical efficiency and 
concentration of caustic soda and salt from the Townsend electro¬ 
lytic cell is contributed by A. H. Hooker.'®* A description of tlu' 
Niagara Falls plant is given, 'hhis jdant produces (>r> tons of caustic 
soda and 00 tons of chi>"ine daily.' The. most recent. t.y|)e of cell 
in use is of 4(K)0 amps, capacity. The electrochemical efficiency 
is 96-97'/,,, using a high current density of 100 amps, per square, 
foot of cathode, at slightly over 4 volts per cell. The caustic soda 
concentratiqn is 125 g. per litre. 

Interesting particulars concern'ing electrolytic' diaphragm cells 
for the production of alkali and chlorine are furnished by H. K. 
Moore.'®® 

A project for thet production of sodium carbonate is under the 
consideration of the Soda Mines and Produids Govnpany at Soda- 
lake'®® in British Columbia. The waters of this lake contain 6 % 
of sodium Q.arhonate. 

A process of some interest as affecting the manufacture of potas¬ 
sium sulphate and hydrochloric acid has been'patented by the 
Fabrique de Produits Chimiques dc Thann ct dc Mulhouse.'*® 
Potassium chloride, in a tinely-powdcred state is treated wdth 
sulphuric acid of such strength (70-72% H 2 SO 4 ) as to render the 
moist mixtufe as pulverulent as possible. Tfic mixture has to be 

•» J., 1921, 288b, 304b. 

'»“ J.. 19^1, 15.5r. 

"" Ghem, and Met. Ent/.y 1920, 28, 901; 1921, 7a. 

im., 1920, 23, 1011, 1072, 1125 ; J., 1921, 77a. 

»»» J., 1921, 107b. 

*«* E.P. 137,529 ; J.. 1921, C89a. 
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heated in three, stages, and,a slight excess of sulphuric acid used 
to ensure the preduc^ion of potassium sulphate, free, or almost 
free, from chloride. The three stages necessitate stirring at respec¬ 
tive temperatures*ofl 100‘’-120° C., 300° (I., and finally 800° C. 
Sulphuric aci^ may be replaced by jiotassium bisulphate. Presum¬ 
ably, experience of the operation of this process has led to some 
modification or improvement, as is evidenced by an additional 
patent,”"^ indicating that the foregoing three stages of desiccation 
may be conducted j)rogressi\ely in a single, furnace, provided care 
is taken to maintain the mass solid and porous. It is suggested 
that aqueous sulph\irie acid containing more than 70-72% of SOa 
may be u.sed, the pulveruk'nt lalure of the mixture determining 
the proportions. 

In the manufacture of ammonia-soda ,1. Delmar’"® patents a 
jmoeess by which the lime for the regeneration of ammonia from 
ammonium chloride liquors is (ionw-rtc'd into calcium eyanamidc, 
before being used in the process. Thus, further quantities of am¬ 
monia and carbon dioxide are developed which are utilised in the 
first stage of the proceSs. * 

An apparatus by which salt can be profitaWy manufactured 
from sea water is suggested by T. A. Reid.'"’ 

The Schweizcrische Soda-Faljr.^"* have devised a proce-ss for the 
eaustieisatioii of soda in the (^old. A mi.vtvi'c of sodium carbonate 
solution and lime is treateef in a sor^ of centrifugal machine. 
Interaction is hastenetl and is completed without heat, 10 cub. m. 
of liquor being caustieised in 10 minutes. 

According to a protected ammonia-soda process by J. H. 
McMahonwater-gas is separated into hydroger* and carbon 
monoxid(^ The hydrogen is used for the production of synthetic 
ammonia, whiih is absorbed in a solution of common salt, whilst 
the cafbon monoxide is converted to carbon dioxide which is used 
in carbonating tow'crs. 

H. Voss"" (fcals with the heat balance of the ammonia-soda 
process,*and concludes that the excess of sixlium chloride used in* 
the reaction, the residual calcium chlofide, the heat«expendcd in 
recovering ammonia from waste, liquor (which it is stated is two 
or three times ilie calculated amount) and the hca* losses in 
radiation, conduction, and cooling in various parts of the system 
constitute the principal thermal losses of thc»process. 

It is pointed out"’ tiny, the only ^>otash-^roducjng 

E.P. 154,111 ; J.,*1921, 44a. 

»«'> G.P. 333,748 ; J., 1921, 347a. 

E.P. 1,59,592 ; J., 1921, 300a. 

(l.P, 332,003 ; 1921, 301a. 

““ U.S.P. ,1,384,141 ; J., 1921, 623a. 

>’» Chem.-Zeit., 1921, 45, 940, 968 ; ./., 1921, 767a. 

>" J., 1921, 351b. 
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under German control is that of contratGermany, where conditions 
of production arc favourable# In 1!)20, with f^n putput of 11,3!K),000 
metric tons of potash, the pre-war level was alijiost attained, viz., 
11,607,610 in 1913. Sales, it is stated, have 4eolined, and although 
the extent to which English, Belgian, French, Russi»n, Austrian, 
and other markets have been lost cannot be ascertained, the view 
is exprps.sod that the acquisition of Alsace by France has broken 
the German world monopoly of potash. The increase in the 
exports of potash (KjO) from Alsace between 1913 and 1920 is 
shown in the appended table !— 


1913. 1919. .. 1920, 

Metric; tons. 


Franco 


10,278 

48,958 

86,578 

(iermany .. 


1.3,743 

13,743 

13,743 

United Stales 

• 

12,185 

26,702 

55,967 

Great Britain 


219 

4499 

17,890 

Belgium .. 


614 

4414 

19,7.50 

Other Countries .. 


3682 

91,57 

18,990 



, 40,721 

107,473 

!! .212,918 


The deleterious action of potassium nitrate on a melting pot 
used for the manufacture of nitrite from nitrate by means of lead 
is described by A. Lottermoser.”® • 

J. W. Turrcntinc and F Shoaff describe? a continuous counter¬ 
current method of leaching potash from kelp from which an extrac¬ 
tion of 97-99% is obtained. 

^ SuLPHUEic Acid. 

« • 

A valuable contribution by H. J. Bailey”* is furlushed replete 
with statistics relative to the production and utilisation of sulphuric 
acid, sulphur, pyrites, pyrites cinders, spent oxide, imported 
sulphur, sulphuric acid from chamber plants, oleum, the consump¬ 
tion of sulphuric acid for explosives manufacture, the production 
t>f nitric and hydrochloric acids, and nitre cake, and particulars 
affecting superphosphate and compound manures, basic slag, 
sulphate of ammonia, and concentrated liquor. •Much valuable 
information* concerning the manufacture of sulphuric acid in the 
United States is furnished in Bulletin 184,”* issued by the U.S. 
Bureau of Mines. In’ 1865 only 37,500 tons of 100% sulphuric 
acid was manufactured. In 1900 this had become over one million 
tons. It is now estimated that the normal requirements of sulphuric 
acid of the JJnited States are equivalent ^to about 3| million tons, 

>“ Chem.-ZeU., I92r, 46, 681 ; J., 1921, 507a. 

“» J. 'Ind. Eng. Chem., 1921,18, 695 ; J., 1921, 656a. 

”* J., 1921, 246b. 

S., 1921, lO'lR. 
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of which approximately ope-half is required for superphosphate 
manufacture. , . 


Evidence of the influence of the war is* afforded by reference to 
the subjoined tafte.i demonstrating the changes of the various 
sources of sqlphur as raw material:— 



Pcrcontago of total quantity. 


1914. 

1917. 

1918. 

Brimstone 

2G 

32-6 

48-0 

Byrites (Spanish) 

500 

22-9 

7-6 

„ (clomeBtic) 

15-8 

11-8 

12-7 

„ (Canadian) 

7-9 

(■>•9 

7-5 

Zinc ores .. 

13-2 

18-1 

16-1 

Waste gas from copper sinelteis 

10-5 

7-7 

8'1 


1000 

.. 100 0 

.. 100 0 


The bulk of the brimstone is obtained by the Frasch process. 
Brimstone is reported as being more valuable than 40% pyrites 
to the extent of 3-4 cents per unit, assuming the pyrites cinders 
aie valveless to the acsd-maker. < 

Increasing attention is being given to the re,'!overy of pyrites 
from waste coal, of which 11 million tons, having a 4()% sulphur 
content, could bo produced by the Eastern States. 

Large quantities of sulphuric acid are pro4uced at the zinc works, 
although there are still some works which feiil to utilise the sulphurous 
gases. At the copper works large acid plants arc to bo found, 
notably at the works of the Tennessee Copper Company. 

Sulphur combustion plant is usually of a continuous character. 
The Trombleo and Paul rotary and the Vesuvius vortical burners 
are largely use/i. Pyrites fin? burners arc principally confined to 
the Hviroshofl and Wedge types, and the Hegeler, Spirlet, and 
Wedgy (muffled) furnaces are used for zinc ores. 

As an eliminator of dust from burner gases and as an arrester 
of acid mist from acid concentration plants, the Cottrell electrical 
precipit&tor has found favour and is giving satisfaction. 

Increasing attention is being given to intermeefiate towers; 
indeed, the “ Anaconda packed cell ” system—a type of packed 
tower with special filling—is reported as being used* in lieu of 
chambers. Concentrators of the silica basin, modified Kessler, and 
Kalbperry types, are principally used. The 'Mannheim, Badische, 
Grillo-Schro^er, and Teatelew contact systems are aU in use. 
Descriptions and colnparisons of the various types of SOa coolers, 
filters, drying and absorbing systems, and methods of preparing 
and revivifying catalysts are given. 

It is interesting to have details of the manufacture of sulphuric 
acid by the chamber process under tropical conditions. Singularly 
little information has hitherto been published in this connexion. 
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W. H. Maudsleydcscrilios a plant n;t Mount Morgan, comprising 
seven chambers with an iiggregatc capacity ^ofi 119,643 cub. ft., 
one Glover, 7 ft. 2 in. square by 20 ft. high, two Gay-Lussac towers, 
and one pipe column. A continuous brimitonc burner, 2| tons 
daily capacity, and four pyrites kilns, each burning ajiout 1 ton of 
ore daily, constitute the burner plant. 

Working records are given during one winter month and one 
summer month, showing yields of 91-4 and Hf)-6% respectively, 
calculated on the suljihur burnt. The atmospheric temperature 
at 11.30 a.m. in the summer and winter is given at 29^ and 26° C. 
respectively. 

Records of the maki^ of the chambers, as contrasted with the 
])i]>e column (4 ft. square by 14 ft. 6 in. high) were made during one 
week in June. The results show that although the pipe column 
required only 60 cub. ft. for 1 cwt. of 123° Tw. acid daily, the lead 
area per cwt. is much more than in the first three chambers. It is 
concluded that the ratio of surface to capacity is an inqiortant 
factor as allecting production and deserves^ careful attentjon. 

Mills-Packard water-cooled sulphuric acid ehamliers have been 
installed by twenty-three different companies.'” The first two 
chambers were erected in 1914 and the number of chambers of this 
tyjie has increased to 112 at the present time. The war interfered 
with the possible devck >)jnent of thy plant abroad, but in 1918-19 
an installation of eight chambers. 18,750 cub. ft. ewh, was erected 
in New Zealand and during 1920-21 a number of chambers, 7330 
cub. ft. each, including installations of 6, 8, and 12 chambers, have 
been erected in France and Italy. 

The workffig of the two chambfits 40 ft. high luid 7330 cub. ft. 
each, erected for experiment, gave results correspondilig to a chamber 
spaee of 3 to 4 cub. ft. per lb. of sulphur charged. Later experience 
and data obtained from various installations have confirmed these 
results and indicate the possibility of further progress in the 
development of this type of chamber. Mills-Packard chambers 
have been built in three sizes, of 7330, 11,890, and 18.750 cub. ft. 
each, and 4b ft., 47 ft., and 48 ft. high respectively. Plants com¬ 
posed entirely of the small or intermediate si»e chambers arc 
actually operating at below 4 eub. ft. chamber space. (No data is 
available yet from the largest size chambers working.) Combined 
plants of the small chambers with ordinary chambers arc operating 
at from 6 to,10 cub. ft. chamber space, and very important and 
satisfactory results arc being obtained from ^he combination of a 
Mills-Pack^rd chamber with another ^intensive system, leading 
to the opinion .that an even lower chamber space than the 

' ‘“ 'Austral. Inst. Min. and Met.; Chem. Trade J., 1921, 68,133 ; J., 1921, 
146a. 

W. G. Mills, private communication. 
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3 to 4 cub. ft. at'present required on a Mills-Packard plant is 
possible. 

Actual working results reported give 13 months production of 
acid from a plant cif siV small-size chandlers as () 8 (>(j tons 1 cwt. of 
140 Tw. and tjie production of acid from a jilant of six intermediate 
.size chambers as equal to 129 tons of SO 3 per week, both from pyrites. 
One company burning sulphur has reported a sulphur efiicicncy 
of 9.5% over a period of 5 weeks and a nitrate of soda consumption 
of 2-2% over the same period. Other figures for nitre consumption 
rejiorted have been from 2|% to 4% on sulphur burned. For the 
intermediate size chambers a figure of on suljihur with a 

chamber space of S-OO cub. ft. has been reported. It has been 
found with ellicient water-cooling the wear and tear of lead has been 
reduced to a minimum. 

It is difficult to state definitely in view of present knowledge 
vhi'ther the large chambers offer much advantage over the small 
ones from a production standpoint, but for various reasons it is 
likely that the larger chamhers will be developed considerably in 
the near*future. 

P. Parrish and 'I’he South Metropolitan Gas Company”* have 
found that the manufacture of sulphuric acid is materially promoted 
when sulphurous ga.ses are brqught into intimate contact with 
nitrous vitriol. This is best effecU'd by using closed, lead-lined 
tanks, from the roof of which partitions'depend, the lower edges 
of which terminate in a series of serrations which are immersed 
in nitrous acid to a depth not exceeding 4 in. The sulphurous 
gases enter at one end of the tank, and after bubbling under each 
l)artition escape at the other end. The plant necessitates only a 
minimum of power, which can be jnovided in the shape of one or 
more Kenroer fans. 

fi. J.,Reed‘'* produces concentrated sulphuric acid by making 
provision for heating a mixture of air, sulphur dioxide, and a 
nitrogen oxide, “absorbing the gaseous products by reaction in 
concentrifted sulphuric acid, and then eliminating therefrom the 
oxide of nitrogen. 

For increasing the efficiency of the manufacture of sulphuric 
acid by the contact process, M. Leeek ”* places one fan between the 
burners and the purification plant for the sulphurous gases, and a 
second between the contact chamber of the absorption plant. The 
gas composition lends itself to ready and easy cofitrol Ijy the double 
1 >rovision indicated. • 

S. Rarth*” has patented apparatus for the concentration of 

”* E.P. 156,328 ; J., 1921, UfiA. 

“* U.S.P. 1,303,918 ; J., 1921, 140a. 

G.P. 307,1)92 ; J., 1921, U7a. 

“ G.P. 304,343 ; J., 1921, 147a. 
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sulphuric acid, by providing throughout the-whole length of the 
concentration vessel lateral divisions with staggered perforations 
over which the acid flows. The sections thus formed are connected 
by separate pipes with a gas exit main. S''itable provision is made 
for cleaning the various sections. 

An interesting contribution on the subject of lead corrosion with 
relation to sulphuric acid manufacture, on which there is singularly 
little practical information available, is made by W. G. MeKellar.'=“ 
The conclusions reached suggest that wastage and destruction of 
lead in chamber work arise from faults inherent in the manufacture 
of sulphuric acid ; that the rolling of lead may contribute its quota. 
It is suggested that analysis alone is without value in disclosing 
the sources of trouble in lead, but if used in conjunction with 
micrographic work, elucidation of the trouble may be afforded. 
The author declares tliat the advantage of a small percentage of 
copper with lead is largely mythical, and that observations and 
experiments alike point to the desirability of using Pattinsonian 
lead as contrasted with the lead produced by the Parkes process. 

Unione Italiana fra ConsUmatori e l abbricani di Oonciini e 
Prodotti Ghimici and A. Sonncck’'^^ protect the eonstiuction of 
leaden chambers of any desired shape of great height in proportion 
to their horizontal cross-section, the gas connexion between adjacent 
chambers being at ajow level. 

An interesting history of the manufacture- of sulphuric acid in 
the Dominion of Canada is given.*^' 

The Badische Anilin u. Soda Fabrik*" patent a tubular heated 
chamber for the concentration of sulphuric acid in vacuum. The 
pipes are of perforated sheet iron, homogeneously coated internally 
and externally with lead. These pipes resist thp chemical action 
of the boiling liquid, and also the difference of pressure. The 
chamber is lead-lined and the pressure is a continuous one. ^ 
Provision is made by J. H. Brownin the manufacture of 
sulphuric acid for a method of washing burner gases and the reheat¬ 
ing of such washed gases prior to oxidation. 

G. Gianftli discusses the advantages and disadvantages attending 
the different methods proposed for supplying nitrogen oxides in the 
manufacture of sulphuric acid, particularly as affecting his own 
proposed method of employing in the Glover tow er a mixture of 
sulphuric and nitric acids by introducing sulphuric acid of sp. gr. 
1T6 along with a concentrated solution of sodium nitrate, and of 
removing the sodium bisulphate which crystallises out on cooling. 

'*> J., 1921, 137t. 

E.P. *184,827 ; J., 1921, 543a. 

J., 1921, 23fK. 

G.P. 302,553 : J., 1921, 388a. 

«• U.S.P. 1,365,964; J., 1921, 178a. 

(Horn. Chim. Ind. Appl, 1921, 8,11; J., 1921, 213a. 
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An interesting artitle having reference to the Gaillard sulphuric 
acid concentrating i!ov;e!i and the electrical precipitation of acid is 
contributed by M. I^ltenbach.‘“® After dealing with one of the 
theoretical principles Jf concentration and describing certain 
experiments toehow that a true static equilibrium is approached, 
which implies that concentration of the liquid acid in equilibrium 
with the vapour varies almost directly with the temperature, the 
author concludes that no process can alike give strong condensed 
acid and complete condensation. It is stated therefore that the 
function of the Cottrell process is limited to the aggregation of the 
vesicular acid formed at the moment of condensation. The author 
rightly suggests the use of two small coke .scrubbers, each preceded 
by an efficient cooling coil. The first condensate should be of a 
minimum strength to admit of economical concentration, the 
second condensate being discarded. 

That the manufacture of sulphuric acid in Germany is inti¬ 
mately bound up with the zinc industry is demonstrated by the 
fact thatjn 1913 Upper Silesia produced 25i5,589 tons of acid of 
f)0° B., or 9-7% of the total German production, and also 3137 tons 
of anhydrous liquid SO^. In 1919 and 1920 the' outputs were 
52,887 tons and 87,960 tons respcqfivcly. 

T. Lewis Baileyrefers to the good results, both as regards 
nitre-consumption and exit-acidity, obtai^f.l'in a now plant, of 
which the chambers were all of the Mills-Packard conical, externally 
water-cooled type. By reason of the economy in ground space and 
materials of construction, it is suggested that greater importance 
is being attached to intensive work. This necessitates closer super¬ 
vision and the neeessity for cflici«nt scientific control iif urged. It 
is predicte^that j-n increasing amount of high-strength acid will 
bo made by the contact process. Reference is made to an unsuc¬ 
cessful attempt made to absorb the nitrous gases in a sulphuric 
acid plant by mijchanical means instead of in a Gay-Lussac tower. 
It is suggested that it would appear necessary to improve the 
atomisation of the acid and to augment the time of contact. 

R. li. Dior protects the construction of sulphuric aciS chambers 
formed of two fru»to-conical portions, the sides of the lower portion 
being more inclined to the vertical than those of the uppe/, and the 
whole chamber thus having approximately the shape of an inverted 
funnel. An inlet pipe near the bottom and an butlet pipe near the 
top are arranged tangentially to the chamber walls so as to promote 
spiral circulation of file gas against the walls, which are cooled 
externally by a flow of watej. 

Chim. et Ind., 1921, 6, U3 ; J., 1921, 266a. 

J., 1921, 257a. 

J., 1921, 276b. 

E.P. 164,672 ; J., 1921, 582a. 
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A process for the manufacture of sulphuric acid and hydraulic 
cement is covered by I'ftrbcnfabr. vorm.'F. ]5aycr u. Co.'““ 

T. A. Clayton protects a sulphur-bumir^ furnace in which the 
air is projected downwards through one sex of jets on to the burning 
sulphur, whilst the remainder is directed upwards, through the 
other set, so as to promote mixing of the gas produced and oxidise 
any volatilised sulphur. 

T. Schmiedel and H. Klenckc protect a process for the produc- . 
tion of sulphui'ic acid, in which the essential principle is to bring 
the gases, after serving to denitrate the usual quantity of acid, 
into contact with excess nitrosylsulphuric acid, in one or more pairs 
of small chambers where special provision is made to ensure 
intimacy of contact. 

A. M. Fairlic'^'' iii a series of articles deals with recent develop¬ 
ments in the sulphuric acid industiy. 

Dust Precipitalicn .—It is stated that mechanical methods of 
dust precipitation have largely given place to electrical methods. 

A modification of the Cottrell treater hac’ been develop! d in which 
sheet iron screens having diamond or square meshes are placed in 
parallel and transversely to the gas flow. These screens are 
grounded electrodes, and chaigcd electrodes, in the form of wires, 
are suspended vertically betw'ccn the screens. 

This form of treater appears effective fpr load smelting gases, 
having a temperature of 400'’ F., but nothing can yet be said 
concerning sulphur furnace gases of about 800“-1000° F. 

Nitration .—Fairlic remarks that there has been a tendency to 
instal nitre pots outside the flue and fire them with coal. Extra 
expense is said to bo more than balanced by their efficiency when 
restarting a plant, and by the avoidance of nitre cake,in burner 
flues. In some plants nitre solution is sprayed into the first cham¬ 
ber. This, of cohrse, results in the formation of sodium nitrate 
in the acid. Close inspection of the atomising nuzzles is necessary, 
otherwise streams of nitre solution may fall into the chamber with 
the formation of nitric acid and consequent corrosion of the lead 
work. 

Little progress has been made with ammonia oxidation plants. 

Tower and Chamber Construction .—^Towers of acid-proof masonry 
without lead side, sheets are a recent development. The towers 
are supported by steel angles held together by tic-rods, and are . 
lined with £icid-proof tiles. The Glover tower is packed with brieks, 
while manufactured forms of packing are preferred for the Gay- 
Lussac towers. Inter-chamber or cooling towers have been instalM 

G.P. 297,922 and 299,933 ; J., f921, 682 a. 

E.P. 166,961 ; J., 1921, 657a. 

, G.P. 149,648 : J., 1921, 693a. 

Chem. and Met. Mng., 1921, 26, 861, 917, 964, 1006. 
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at many works, thf\ pmpose ot those being to supplement large 
chambers in the mattei' of heat dissipation, ai*d to produce a lower 
temperature of the gal m|ixture. 

Steam, as a means of hydration, has been superseded almost 
entirely by water, and various typc% of atomising nozzles have 
been designed. 

Acid Circulalivn. — Several attempts haM' been made to develop 
a satisfactory mechanical acid pump, llotary pumps of antimonial 
lead and silicon-iron arc largely used, and these are for the most 
part direct electrically-driven. The Lewis pump, originally of the 
vortical submerged type, has beem successfully developed into an 
outside vertically-driven rotary pump. 

ProceAS'e.s.—Two processes for the manufacture of sulphuric acid, 
without chambers, have been proposed. Th* “pipe” process of 
Kaltcnbach utilises a number of tubes packed insi(l(! and water- 
jacketed. (jlases leaving the (Hover tower arc passed through the 
tubes in counter-current to the acid, which is mixed as reciuircd with 
water. Aihong the advantages clainied for the. process arc: 
( 1 ) Ease of controlling temperature ; (2) effective heat interchange ; 
(3) independence of atmospheric conditions ; (4) elimination of 
water sprays. • 

The packed ccU process is similah to the Opl jdant. 

iS'iMca Gel. —The method of manufacturing siiica gel and apparatus 
in which it is used for the separation of gases and vapours, has 
been patented. It is stated that from a gas mixture containing 
8-75% SOj, the gel will absorb 6 - 8 % of its weight of SO 3 , and it 
has been proposed to use this property for effecting economies in 
plant and mmiufacture of sulphurit acid. The conv^ersion of SO 2 
to SO 3 ca^ilyxicalfy by passing the gas through the gel containing 
a catalysing agent is still in the experimental stage. 

* • 

• SULTHtJE. 

A patent*by H. (f.Pedersen'’® has reference to the extraction of 
sulphur from sulphide ores. By regulating the ore supply at the 
bottom of the shaf'^furnace in which iron pyrites or other sulphide 
ore is roasted along with a quantity of coke insufficient ior the 
reduction of the ore to metal, sulphur vapour distils off, and can 
be suitably collected. • 

N. E. Rambush'” removgs sulphur from hydrogen sulphide 
gases by washing the latter with a suspension of ferric *hydroxide 
in ferrous sulphate solution. A current of air is made to ascend a 
tower against the flow of the flbspcnsion. The sulphur is sej)arated 
by fractional subsidence or by centrifuging a portion df the revivified 
suspension. 

E.P. 162,887 ; J., 1920, 819*A. 

E.P. 163,666 ; J.. 1921, 9a. 
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The separation and recovery of sulphur f^om solutions, gases, 
and vapours containing' hydrogen sulphide is effected by passing 
the gases mixed with oxygen over a s^’id contact mass suitably 
prepared.”* The oxides and hydroxides of iron, manganese, 
aluminium, and alhcd metals, or mixtures of these, are suitable 
for use in this connexion. The polysulphidcs which arc formed 
can be decomposed into sulphur and hydrogen sulphide, and the 
latter gas again returned to the process lor conversion into sulphur. 

Sulphur recovered by the carbon bisulphide extraction process 
from spent oxide is invariably dark or black in character owing 
to the presence of hydrocarbons which accompany the extracted 
sulphur. Attempts have been made from time to time to purify 
the sulphur thus extracted so as to render it at least equal to 
Sicilian sulphur. F”actional (^ystallisation has been resorted to 
with fairly satisfactory results. 

J. J. Hood ”* treats a solution of sulphur in caibon bisulphide 
such as is obtained from spent oxide by agitation with 1-2% by 
volume of sulphuric acid (sp. gr. 1-8) and effects in this way the 
removal of a considerable quantity of tarry matter. .Either before 
or after filtration the mixture is agitated with 5-10% by volume of 
water and the aqueous layer containing the impurities is removed. 
Finally, the sulphur solution is made to percolate through alumina 
or bauxite, the caibon bisulphide evaporated, and pure sulphur 
remains as a residue. 

N. E. Katz and H. M. Little's apparatus for and method of 
separating sulphur from sulphur ores comprise the use of an auto¬ 
clave, in which the ore is heated with water until the sulphur is 
melted by the steam generated. • 

The treatment of mined sulphur is covered by R. F. Bacon and 
H. S. Davies.*" To improve the free-burning quality of such 
sulphur containiEg oil, heating to 400°-430° C. for a special time to 
carbonise the oil is recommended. The product may be allowed to 
cool to a temperature above the melting point of sulphvr and stand 
until the carbon is separated. 

Although the year ifeo was marked by considerable increases in 
production and exportation of Sicilian sulphur, production rismg 
from 1'81,744 to 2^,857 metric tons, and exports increasing from 
147,286 tons to 188,865 tons, the figures compare badly with those 
for 1914, when ^40,700 tons was exported and stocks amounted tp 
359,800 tons. Exportation has beta affected by the fluctuating 
exchange.*" 

*** Gewerkschaft des Steinkohlenljergvorka Lothringon and G. Wiegand j 
G.P. 326,159 ; 1921, 9a. 

»>' E.P. 155,692 ; J., 1921, 115a. 

»« U.S.P. 1,365,922 ; J., 1921, 148a. 

. *“ U.S.P. 1,374,897-8; J., 1921, 433a. 

Chem. Ind., 25. 4. 1921 ; J., 1921, 219e. 
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K. P. McElroy patents a njethod of making carbon bisulphide. 
Fuel and sulphur an charged into a shaft*similar to a gas-producer 
with an air inlet at the base. Carbon bisulphide is recovered by 
scrubbing with oil the gales thus generated. 

L. H. Diehl treats of the recovery of sulphur from blast-furnace 
slags. 

Thobitim Compounds. 

H. Wade prepares, by dissolving 120 g. of thorium sulphate, 
Th(S 04 )s, 8 H 20 , in 50 c.c. of 80% phosphoric acid and heating for 
10 hours at 280° C., white acicular crystals of a double metaphos- 
phatc and sulphate of thorium, Th(P03)2804. This compound is 
said to be purer than the compound prepared by a method previously 
indicated.**® 

Monazito sand is treated with concentrated sulphuric acid, and 
after the removal of soluble impurities, tEc insoluble thorium 
compound is converted to thorium hydroxide.*" 

Zinc. 

The MetaUbank u. Mctallurgische Ges. A.-O.’** protect a process 
for treating sal-ammoniac skimmings, suitably pulverised, with 
the necessary dry slacked lime, moistened with 16% of its weight 
of water, and treated with live steam. The ammonia evolved is 
recovered and the residue is leached with Sater, yielding zinc 
oxide and a solution of calcium chloride. 

Zinc Oxide. 

In the manufacture of French zinc oxide J. A. Singmaster**® 
provides for the ccftents of the retorts, in which the zinft is volatil¬ 
ised, bcin^ ^pt tit:jrly constant by the addition from time to time 
of molten zinc. 

ZiBCONIDM. 

J. G.Thompsoif*®® deals with the electric furnace purification of 
zirkite (impure zirconia), feeding into an arc furnace a mixture of 
zirkite with sufficient coke to transform the silica onlj^to silicon 
carbide ; 90-95% of the silica may bo volatilised as carbide. With 
greater amounts of boke the elimination of the silicon is less complete. 
Zirconium carbide may be converted into oxide by ignition in air 
by a dull red heat. 

*•* U.S.P. 1,369,825 ; J., 1921,,300a. 

*“ StaM u. Eisen, 1921,«41, 845 ; J., 1921, 506a. 

“® E.P. 156,892 ; J., 1921, 178a. 

**• U.S.P. 1,323,735 ; J., 1920,.517a. 

*« H. N. McCoy, U.S.P. 1,366,128 j J., 1921, 178a. 

*‘» E.P. 145,085 ; J., 1921, 734a. 

*‘> U.S.P. 1,372,462 ; J., 1921, 

>“ Trana. Amer. Eleetrochem. Soc., 1921, 291 ; J,, 1921, 768a. 
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I5y W. K. iS. Tukmee, I).So., M.So., 

Professor of Glass Technology in the University of Sheffield. 

JxTST before completing this report a copy of the Sprechsaal Kalender 
for 1922 came to hand. This publication is fairly well known, 
certainly on the Continent, and it was interc'sting to peruse its 
data. There were but half a dozen or so reference.s to investigations 
in glas.s b'tdmology and ceramics since 1914, and one wonders 
whether it is due to the comparative poverty of (lerman research 
on those subjects over this period, or to the habit displayed so 
frequently in German scientific circles of neglecting in a large 
measure scientific work not made in Germany. Certainty, how¬ 
ever, data in quite a numbesr of portions require ov(rhauling in the 
light of the numerous rcsearcl^es in the last few years, both in this 
country and in America. As to glass research in Germany, the 
technical journals of that country for the past year have made very 
poor reading. 

A review' of the scientific investigations in glass leehnology during 
1921 docs reveal this country in a very good light. It is rather 
striking that American activity has fallen off very greatly, if one 
is to judge<by published investigations. In Grei^t Britain, however, 
research shows little or no sign of slackening and the output of 
work has been maintained certainty at the level of the 'j)receding 
year. We may hope that it is a good augury for the industry of 
the future. 

Of the organised research efforts, reference may bp made to 
three matters of interest. The first is the big extension of the 
Departmeht of Glass 'Achnology in the University at Sheffield, 
which has now entered into extensive premises .formerly used as a 
glass works with two glasshouses. Here are adequate facilities 
at least for all kinds of operations in glass technology, ifurther, 
the Glass Research Association has got into w'orking stride, and 
although open publication of its wosk has not, as yet, occurred, 
it is known to be making very good pro|ress. Mnally, in this 
connexion certain recent developments in the American Ceramic 
Society will be watched with consicferable interest. A full-time 
organising secretary has been appointed, amongst whoso duties 
it will be to visit members, especiallj; the corporation members, 
apd investigators, and help to stimulate research. 
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It is needless to remark thaf the glass industry in this eountry 
has felt very acutely the Jradc depression pf 1921. As an industry 
it prospered with others during the war. Pfior to the war, how¬ 
ever, as a whole, it w'as ilomparativoly poor and possessed but few 
reserves to stavj off hard times such as the present. The matter 
is of interest, however, especially from the fact that, faced with a 
period of depression, quite a number of manufacturers have still 
gone forward with their extensions and revolutionary changes in 
the works. Modern plant and machinery have been installed in 
quite a number of works during the period under review. A good 
deal of the machinery, it is true, is American, for although the 
ordinary lines of research do not appear to have produced very 
fruitful results in America during li)21, inventors in that country 
still show ceaseless activity in regard to machines and general 
labour-saving devices. Not only are these‘items of equipment 
being installed in this eountry in many works, but the writer’s 
experience has been that manufacturers were never so ready to 
appeal for scientifio assistance for the improvement of their goods 
as at the present time. ’JSie outlook, tiiereforo, is not without hope. 

The Meltino and Workino of (Ilass 

• 

The oft-discussed subject of the influence of alumina on the 
melting, working, and other pro)K!rties of glass has been carried to a 
more definite stage as the result of a series of papers from the 
Department of Gla.ss Technology, ITniversity of Sheffield. V, 
Dimbleby, F. W. Hodkin, and W. F. S. Turner’ show that in a series 
of trisilicate glasses of general composition 3;Naj0,?/Al203,6Si0j, 
where J+y—'2, tlie maximum qmount of alumina sapable of 
IxMog introrlliced ■ Did worked up to temperatures 1400‘'-1426° C. 
is about 12-7“/,. A moderately hard lime glass (6 SiOj, I’l NajO, 
(>•9 (laOjfis also made more fusible w’hen 0-1 mol./if CaO is replaced 
by 0-1 mol. of -41 jQ,. Alumina was shown to prevent devitrification. 

F. W. Hpdkin and W. E. S.Turner” have shown that with a soda- 
lime glass containing about 8% of CaO, such as is used with auto¬ 
matic bottle machines, the batch melts iflost rapidly afcd is most 
fluid when the sootiie of alkali is present as soda ash and the lime 
as burnt lime. With soda ash slaked lime is better than iimespar 
or limestone. The batches containing sand, salt cake, and either 
burnt or slaked lime were the slowest in melting and most viscous 
in working. Several other mixtures were testefl. 

A matter not of ^neral knowledge, namely, the commercial 
substitution of glass containing lead for electric light bulbs by an 
alkali-liroe-magnesia glass,”’has Hfecome better known by the 

’ J. Soo. Olasa Tedi.., 1921, 6, 107 ; J., 1921, .'iOOA. 

” IMd., 1921, 6, 188 ; 1»21, 770a 

“ Coming Glass Co., E.P. 145,428 ; J., 1921, 82a. 



200 


nEronTa or the phoohess or applied chemistry. 


publication of the patent specification coveiing the new type of 
glass. _ . , , < 

The melting properties of the soda-lin|e-magnesia trisilicate 
glasses have also been investigated by V. llimblcby, F. W. Hodkin, 
and W. E. S. Turner. < and it^i.a found that in comparison with the 
glass fiSiOj, O-SCaO, l-2Na2() on the one hand, and BSiOj, 
0-8 MgO, l,-2 Na^O on the other, glasses over the range up 0-5 CaO, 
0-3 MgO arc more easily melted than any of the others, whilst all 
the glasses containing both oxides arc more readily annealed and 
are softer than tho.se at the extremes of the series. 

The manufacture of heat-resisting glass from a batch containing 
sand 1300 lb., soda ash 400 lb., lime 200 lb., borax 20 lb., nitre 40 lb., 
artificial biotite 40 lb., manganese dio.xidc 85 grams, titanium 
oxide 30 g., nickel oxide 35 g. has been described by G. Alleman.^ 
Such glass, in the form of polished plate J in. thiiik, absorbs 78% 
of the incident heat rays, transmits 42% of ordinary light and 
has considerable mechanical .strength. K. W. Tillotson* has also 
given a general account of the pri'scnt position of the manufacture 
of constructional glass, f'ire^resisting gla& still continues to receive 
the consideration of inventors and a further specification by V. 
Shuman’ may be noted. 

Several papers or .specificatiyns have appeared dealing with 
processes necessary,, to produce glass free from seed and striae. 
Thus, F. E. Wright* gives charts showing the allowance to be made 
for the volatilisation of lead oxide, boric oxide, and the alkalis 
during the manufacture of optical glass. The same author in 
another paper* describes a method of distinguishing between 
surface miwkings and cords in glass by immersion in a liquid of the 
same refractive index as the glass. In such carcumstances the 
surface markings disappear and the cords arc clearly defined. The 
fining of glass is the subject of two patent specifications,’," the one 
by Schott u. Gen., in which high pressure is applied to the molten 
glass, the other by W. G. Clarke and L. N. Bruner using an electric 
current. ’ 

In connexion also with* the subject of the fining and other phenom¬ 
ena in glass, a paper of first-class importance bij, E. W. Washburn, 
E. F. Kootitt, and E. N. Bunting” describes apparatus for the 
determination of the gases remaining dissolved in plain optical 
glass. The gases .extracted wore oxygen, nitrogen, and carbon 

• J. SwGlass Tech., 1921, 5, 362. 

• J., 1921, 241t. 

• J., 1921, 155t. 

’ U.S.P. 1,366,625. 

• J. Amer. Ceram. Soe., 1920, 3, 783 ; J., 1921, 10a. 

• im., 1921, 4, 655 ; J., 1921, 890a. 

»» E.T, 147,487 : J., 1920, 750a. E.P. r61,192. 

” Vnlv. oJIlUnoie Bulletin, 1921,18, No. 16 ; J., 1921, 433a. 
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dioxide, the total percentage, by weight varying from O'Ol for a 
borosilicato to 0-04'3 f^r p. barium flint gla«s. 

S. R. Scholes, L. Nicols, and W. F. Kaufman” propose a novel 
method for the eliminStion of striae and the substitution of the 
ordinary stirring method. The jirocess consists in mounting the 
pot at a slight angle in the furnace on a rotatable bed. 

An interesting paper, illustrative of the efforts made to produce 
during the war optical glass at a third Briti.sh factory, is that by 
J. W. French,^® who describes the general process of manufacture 
adopted. 

Reference may also be made to the analytical work of M. Ikawa,'* 
on the amount of sodium sidpliatc, chloride, and carbonate in 
window glass. Of the first-named, 0-()G7-l'()4% was found in 
various commercial samples, and the results may certainly be 
used to illustrate the fact of incomplete reactions in glass making. 

In connexion with the after-working or decoration of glass, 
reference may be made to papers by 0. Schwarzbaoh,i‘ who describes 
in detail^thc conditions for the production of iridescence and lustre 
on glass pearls and beifds, and by 0. Fleck,” who deals with the 
chromate-albumin copying process. J. Rheinberg” patents a 
process for producing metallic coatings on glass by means of 
collodion containing a salt of the metal and heating to 600°-750° C. 
after application. 

Special attention must be directed to the valuable scries of papers 
and discussions on the silvering of glass embodied in a joint publi¬ 
cation of the Physical and Optical Societies.** The papers not 
only deal with several of the old standard methods but also contain 
very useful suggestions resulting from practical experience. 

The devj^rificr+ion of series ot alkali-lime, alkali-lead oxide, and 
alkali-banum oxide glasses under conditions such as might be 
expectad to occur during optical glass manufacture has been 
studied by 0. J. Peddle,** who found the lime glasses more prone 
to devitrification than the lead oxide ones, especially when the 
alkali was soda. Lead oxide glasses almost always deposit silica 
on devitrification and load silicate separation is only likely to occur 
when the PbO gontent of the glass exceeds 70%. In regard to 
the barium oxide glasses, silica was more readily deposited from 
soda glasses than from the potash ones, whilst barium silicate more 

>' U.S.P. 1,370,673 ; J., 1921, 303a. 

** Optician, 1920, M, 335,«51 ; 80, 3, 18, 28. 

*• J. ahem. Soc. Japan, 1921, 42, 768 ; J., 1921, 847a. 

** Sprechsaal, 1921, 64, 369. 

*• Ibid., 1921, 64, 340. * 

*’ E.P. 166,472 ; J., 1921, 149a. 

** Discussion on “ The Making of Reflecting Surfaces,” published by the 
Physical Society and Optical Society, Nov., 1920. 

“ J. Soc. Olaes Tech., 1921, 6, 72, 266 ; J., 1921, 609a, 890a. 



202 REPORTS or THE PEOORESS OP APPLIED OHEMISTRY. 

easily separated from the potash thanjrom the soda glasses. Photo¬ 
micrographs of the various typos of crystajline deposit accompany 
the papers. 

These same papers of Peddle also recorl'led the relative effects 
of lime, lead oxide, and barium oxide on the durajjility of glass, 
the test being based not only' on the solubility in water of glass 
powder, but also on exposure to the atmosphere. When glasses of 
corresponding molecular composition are compared, those containing 
lime are more durable than those w'ith lead oxide, unless the alkali 
content falls below 15%. Weight for weight, it is found that up 
to a percentage content of Cat) or PbO of 20%, the lime glasses 
weather better than those from lead oxide. A result of very great 
interest and importance is the discovery that a glass containing 
both soda and potash is more durable than a glass with an equivalent 
percentage of either o!xi(le alone. This had also been indicated 
in an investigation by Hodkin and Turner,™ and (I. J. Peddle”* 
has now carried the matter considerably further by showing that 
in the four series 60% SiOj, 30% PbO, 10% (NajO l KaO); 50% 
SiOj, 40% PbO, 10% (NaiO+KaO); 60% 2(J% PbO, 

20% (Na,0+KaO); and 50% SiO^, 30% PbO, 20% (NajO-l KjO), 
a minimum solubility is reached at the point where the ratio of 
the percentage of potash to sodk is 7 : 3. 

Reference must also bo made to some very interesting experiments 
by C. J. Peddle ™ on iridescent and other effects on the surfaces of 
lead oxide and barium oxide glasses due to the action of carbon 
dioxide, hydrogen,sulphide,sulphur dioxide, and hydrogen chloride. 
In the absence of moisture no action was found after three months. 
When w'et, the thickest layers of deposit, indicating most marked 
action, were obtained with carboA dioxide and h 3 iflrogen sulphide 
on lead glasses and sulphur dioxide and hydrogen chlorid*’ on the 
barium glasses. 

Thk Physical Propebtib.s oc Glass. 

Density. —^An important paper by W. L. Baillie ”” involves the 
recalculatioi! from existing data of the density factors previously 
given by Winkelmann. The new factors, nasnely, SiOj 2-24, 
AljO, 2-79f, SbjO, 3-0, BA 2-90, AsjOs 3-33, Zn0 6-94, BaO 5-00, 
CaO 3-30, MgO 3-60, PbO 9-30, KjO 2-66, and Na^O 2-55, make it 
possible to calculate densities much more closely in agreement 
with experiment than by the Winkehnann ^factors. S. English 
and W. E. S. Turner,”* based on their measurements of the density 

» lUd., 1920, 4, 120; 1920. 546a. 

“ Ibid., 1921, ft 195 ; J., 1921, 771a. 

» lUd., 1921, S. 266 ; J., 1921, 89()A. 

”” J., 1921, 141t. 

•»* J. Soe. -aims Tech.., 1921, 5, 277 ; J., 1921, 890a. 
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of sodium aluminium trisilicafe glasses, suggest that Baillie's factor 
for AljOs is still of doubtful accuracy. , 

Annealing Tempemtvre .—^This subject Still attracts attention. 
It is suggested by L*HJAdam*s and K. D. Williamson that optical 
glass should Ije annealed at a comparatively low temporatiu-e so 
that recurrence of strain on cooling is practically eliminated. They 
propose also that glass should bo considered annealed when the 
optical path difference along the middle of a slab of glass between 
the ordinary and extraordinary rays docs not exceed 6 /xp, per cm. ; 
whilst the annealing temperature is defined as that value at which 
the path difference is reduced from .50 to 5 pp per cm. in a definite 
time interval. K. Weidert and 0. Bcrndt-* adopt the method of 
measuring the difference of refractive index between the two 
rays before and after cooling from various temperatures between 
600° and 200° C. and ])lotting the difference against the temperature 
before cooling. The required annealing temperature is indicated 
by a sharp bend in the curve. For flint glasses the deformation 
temperature is 40°-50° C. higher; for crown and flint glasses 
70°-100'‘ (!. Of other methods for determining stress in glass one 
may refer to the further study of that of Coker, by A. L. Kimball.” 

Further studies on the relation between chemical composition and 
upper annealing temperature havts been published in two papers 
by S. English and W. E. S. Turner, the one relating to the effect 
of alumina,the other mixed lime-magnesia glasses.^* The glasses 
of the 6 SiOj, xAl/).,, yNa,0 series, where x-l-?/=2, have, generally 
speaking, lower annealing temperatures than similar glasses con¬ 
taining either lime or magnesia. Glasses containing varying pro¬ 
portions of lime and magnesia and lying intermediate between 
6 SiO 8 , 0 - 8 Cap,l-?Nia 2 O and 6 SiO 2 , 0 - 8 MgO,l- 2 Na 8 O have consider¬ 
ably lower annealing temperatures than for those extremes, a result 
not only of interest but of considerable practical importance. 

Viscosity .—^This is related to the annealing tehiperaturc and other 
properties, and‘its connexion with composition has been studied 
by E. W. Washburn and G. R. Shelton.“ It is shown that a 
medium flint and light barium crown glasses were loa«t viscous of 
the seven different glasses tested, whilst the light flint was most 
■"dscous. In regard to methods of determination, I. Masijson, L. F. 
Gilbert, and H. Buckley ” have developed one based on the rate of 
fall of a metal sphere in a viscous fluid. In a,furnace the progress 

of the experiment is followed by means of X-ra^ photographs. 

• • 

J. Opt. Soc. AtA., 1920 , 4 , 213 ; cf. J., 1921 , 81 a . 

Z. tech. Phys., 1920 , 1 , 61 ; J., 1921 , 46 a . 

” J. Opt. Soc. Amer., 1921} S, 279. 

« J. Soc. aiaaa Tech., 1921 , 5 , 116 ; J., 1921 , 509 a . ‘ 

Ibid., 1921 , 6 , 357 . 

Phys. Rev., 1920 , 16 , 149 . 

« J. Soc. Glass Tech., 1921 , 8 , 337 . 
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Thermal Expmsion. —^EHirther additions to ou:’ knowledge of the 
influence of composition Ivave been made. ^In aii study of the effect 
of silica and of sodium oxide, it i.s shown by S. English and W. E. S. 
Turner that sodium oxide has the same influence on the expansion 
of glass whether a second base such as lime is present or absent. 
Evidence is also obtained that fused silica carries into glasses its 
own rate of expansion. The effect of alumina introduced in molecu¬ 
lar quantities into the trisilicate glasses is shown by the same 
authors ““ to reduce thermal expansion as compared with lime or 
magnesia. A third paper by English and Turner on mixed limo 
and magnesia glasses shows that the thermal expansion does not 
appear to undergo any abnormal change on mixing the bases. 

The abnormal rate of expansion and the heat absorption in the 
neighbourhood of the softening temperature have received further 
consideration. W. E. rietenpol''’ differs from Peters and Oragoe 
in finding, just beyond the region of rapid expansion, not a contrac¬ 
tion but only a decrease in the coefficient of expansion. A. Q. 
Tool and C. G. Eichlin ““ show that heat treatment and powdering 
both influence the range of temperature over whici) abnohnal heat 
absorption is found as also the tendency of the glass to crystallisation. 

A simple test is described by D. E. Sharp for ascertaining the 
relative thermal expansions of t\vo glasses which ai-e to be T\|eldcd. 
The method consists, simply in drawing out a compound strip or 
riband which will remain straight or will curl according as the 
expansions are equal or dissimilar. E. E. Wright ■''* proposes a 
further but less simple test. 

Optical Properties. —The most important studies of the year as 
regards the^yclation between composition and optical properties 
are again those of C. J. Peddle. ' In a scries of sjx papers,’® this 
author makes a comparison of the alkali-lime-silica and thi' alkali- 
lead oxide-silica glasses, and describes numerous experimental 
results showing the'relative effects on refractive index, dispersion 
and other properties, in glasses containing silita, sodium and 
potassium oxides, and barium oxide. A comparison is also made 
between thq lead oxide and the barium oxide glasses. It is shown 
that when compared by molecular composition, the lead oxide 
glasses haye a higher value of than the lime glasses, whilst when 
comparison is made by percentage composition it is the lime glasses 

®® Ibid., 1921, 6, 12M ; 1921, .510a. 

®> Ibid., 11(^1, 6, l83 ; J., 1921, 771a. 

IbU., 1921, 5, 358. 

»® Qtass Industiy, 1921, 2, 162. 

»® J. Opt. Soc. Amer., 1920, 4, 340 ; J., W21, 347a. 

" J. Amer. Cemm. Soc., 1921, 4, 219 ; J., 1921, 259a. 

»» J. Opt. Soc. Amer., 1921, 8, 453 ; J., 1921, 847a. 

>• J. Soc. Olace Tech., 1921, 5, 72, 201, 212, 220, 228, 256; J., 1921, 
SO0A, g88A. 889 a , 890 a . 



206 


in which is gi^jater, exco{)t where the silica is less than 60% 
and the alkali greater than 20%. By bhthjnethods of comparison, 
lead oxide glasses ase :^und to have a higher total dLspersion than 
those made from lime. The detailed results in this set of papers 
are so numerhus as to be beyond* summary for a report of this 
nature. 

J. R. Clarke and W. E. S. Turner*® find that in the soda-alumina- 
trisilicate glasses the refractive index and dispersion decrease 
very slowly as alumina substitutes soda. Between OSiOjjOT AljO,, 
TONajO and 6 Si()2,0'4 ALOj,l-6 NajO, the value of v rises 
from 57-4 to 00'2. 

Lord Rayleigh** has made the interesting observation that 
ordinary silica glass is weakly doubly refracting, suggesting a 
cr 3 r 8 tallino structure. 

R. J. Montgomery** also returns to the subject of optica] properties 
and composition and discusses, by reference to known commercial 
glasses, the influence of the total RO content, and of the PbO 
pro])orUon of this coni.ent, in jwoducing alterations of refractive 
index. In another pai)cr,** tlm same author discusses the various 
commercial types of barium oxide glasses and contrasts the influence 
of three pairs of oxides, namely, ,BaO and other Rt) bases, BjO, 
and diOj, and BjOj and AljOj on the refractive index and disper¬ 
sion. Zinc oxide, in amounts up to 11%, 'was found to exercise 
but little effect on the optical properties of the glasses studied. 

Glas.s Eurnace.s. 

Economic pres.sure has directed considerable attention to improv¬ 
ing the efficiency of glass furnaqes. M. W. Travers *♦ has incurred 
the gratit>jdo cl the glass industry by his study of the efficiency 
of a glass tank furnace heated by a steam-blown gas producer. He 
advocates as short a lead as possible from thq gas producer to the 
furnace, not oijy because of the fall in temperature of the gas and 
the consequent loss of heat but also because of the deposition of tar, a 
valuable heating constituent. In regard to the regenerators, he 
calculates that that for the gas need not have more than half the 
volume of the lair regenerator. The efficiencies of three tank 
furnaces working under different conditions, with rSgenerators 
running at 600°, 800°, and 1000° C., are compared. The energy 
utilised in actual glass melting runs 9, 12, and 14-S% respectively, 
and it is pointed out that Uie heat loss from theValls js the ultimate 
factor determining Alationship between fuel consumption and glass 
output. 

*» Ibid., 1921, 6, 119 ; J-, 1921, 510a. 

** Proc. Roy. Soc., 1920, a88, 284 ; J., 1921, 116a. 

** J. Amor. Ceram. Soc.y 1920, 3, 900; J., 1921, 46a. 

*» IbU., 1921, 4, 636 : J., 1921, 847a. 

“ J. Soo. Glaea Tech., 1921, 6, 166 j J., 1921, 770a. 
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Four other papers discuss the ssfine subject of glass-melting 
furnaces. F. J. Denk^® deals with design and operation. An 
unsigned article in JSprechsaal''' refers partjpuhrly to pot furnaces 
and discusses the volume to-be allowed in the actual melting cham¬ 
ber. This author would allow 1 cubic metre of regenerator space 
in each regenerator for each 4| cubic metres of space in the furnace. 
C. do la Condamine and P. Appell *’ discuss the general question of 
the heat balance in furnaces. In a study of a producer gas-fired 
recuperative furnace, it was found that the total of heat either 
used in work or lost by radiation amounted to 30-7% of the energy 
of the coal, 13-7% being lost in recuperation, 28-9% in the exit 
gases, and 2()-7% in th(! generation of the gas. Another study of 
heat losses from a gas-fired regenerative furnace is that of Klaften^* 
who found that for cacF 100 calories of heat supplied to the furnace, 
95-5 came from the producer and 4-5 from the sbsani. The useful 
heat absorbed in meltmg the glass was 12-5 calories, although 
12 were recovered from the waste gases. 3’he heat losses were 
15 calories in the juoduccr, 4 ip the flues, (J;5 during reversal, 0 in 
the regenerators, 20 by conduction and radiation from the sub¬ 
structure, 23 from the superstructure, and 7 in chimney waste 
gases. , 

Reference may also be made to the proposals of A. Ferguson^* as 
attempts to get away irom the orthodox melting furnace and obtain 
greater heat efficiency by passing the batch in'the form of a spray 
through a small conical chamber maintained at very high tempera¬ 
ture. 

Annealing furnaces have also come in for considerable attention, 
especially mfiffle lehrs. R. L. Fri.nk™ has introduced a new kind 
of muffle in the combustion chamber made of ebrrugated iron, 
preferably of high silica and low carbon content. The remainder 
of the lehr is also of.unusual construction, being of iron frailiework 
lagged with asbestos according to the degree of coo’^g-off desired. 
W. 0. Amslor" patents a muffle lehr in which the productiiof com- 
' bustion arc drawn round the muffle in a tortuous path and the air 
for combustion drawn along a second scries of tortuous channels. 
The muffle principle in kiln annealing is already well knomi. M. A. 
Smith “ piltents an arrangement in which combustion takes place 
in a checker work chamber below the muffle. 

V 

“ J. Amer. Cermtif. ^Soc.., 1921, 4, 224 ; J.^ 1921, 259a. 

“ tApreehsml, 1920, 63, 7, 86. t 

Ohaleur el Imfuetrie, 1921, Nos. 4, 5, 8 and 7. 
l:ipjvelisaal, 1921, 64, 251. 

*» E.P. 154,251 J., 1921, 48a. 

“ E.r. 169,537 ; J., 1921, 813a. 

“ U.S.P. 1,341,031 and 1,351,323 ; see olso^U.S.P. 1,385,868; J., 1921, 
068a. 

“ U.S.P. 1,342,233 ; J., 1920, 519a. 
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Ajmealing furna^ for special operations have been designed by 
D. E. Sharp“^ and by W. A. Whatmoflgh,'’* The former gives 
working drawings forj aij annealing furnace for optical glass whilst 
the latter describes a gas-heated furnace for the re-annealing of 
lampworked aifd other light glass siticles and demonstrates how 
successfully annealing can be done if carried out on the previously 
determined annealing points of the glass. 

E. F. Collins'’'’ describes the construction of electrically-heated 
lehrs suitable for high-grade glassware. He prefers the vertical 
form as being more efficient than the horizontal and claims to have 
effected a saving over the ordinary annealing processes. 

Glass Machinbrv anj) Glass Makinc Processes. 

Practiially all the advances made in this'’branch of glass tech¬ 
nology arc subject to patents. They arci very numerous and it is 
not possible to do more than mention outstanding dev'clopmcnts 
Great interest is centred in methods of delivering glass automatically 
to machines, blowing butljs, and blowing and pressing heavy glass- 
W’are and bottles, and di'awing sheid glass and cylinder glass. The 
improvements proposed in the last-named case are almost all ques¬ 
tions of details and will not be referred to. 

In connexion with the feeding of glass to ma/hines, the historical 
development of the subject is dealt with very ably in a paper by 
G. Dowse and E. Meigh"" and the various devices up to most 
recent times are described in a manner enabling the reader to get a 
grip of the subject. 

Where machine,s are fed by hand-gathering, the chaiging of the 
glass into thjparVon mould on botoc machines is not always carried 
out precisery. K. E. Peiler" describes a device for remed 3 dng this 
defect ajjd for shaping the charges by means of a funnel the inner 
surface of which is continuously lubricated by a special arrangement. 
A. R. Hunter also suggests a method of pi’eventing too hard a 
skin from* forming on the parison by removing the latter very 
slightly out of contact with the mould after formatioA.* 

Of the numero’js specifications in connexion with glass feeding 
devices, those in connexion with the Hartford-Kairmo»t feeder 
occur most frequently. K. E. Pcilcr has worked out an arrange¬ 
ment for shaping the chargiis of glass to fit the mould, the cross- 
section of the glass at various points being controlled by var 3 dng 
• 

Anwr. Ceram. Hm., 1921, 4. !>91. 

‘‘ J. Noe. aUum Tech., 1921, 6, 44 ; ./., 1921, 5U)a. 

J. Amer. Ceram. Soc., 19^1, 4, 335 ; J., 1921, .510a.^ 

J. Hoc. aictsa Tech., 1921, 6, 134. 

E.P. 167,160. 

E.P. 142,929. 

“ E.P. 142,786 and 142,786. 
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the rate of discharge from the orifLce, a rocipi ocating plunger or 
impeller being cmplovocb for this purpo^ to act on the charge. 
The British Hartford Fairmont Co. and J. O.j^Burge'" also patent a 
device for varying the weight of the charge. 

Novel methods mark sovijral of the recent fjeding devices. 
E. H. Langwell'^ has devised an arrangement in which the molten 
glass flows through a channel in the tank furnace wall into one of a 
series of rotating nozzles directed at right-angles, that is, vertically 
downwards, from the channel, S. I). 01sen““ propo.scs to permit 
the charge of glass, after being severed by shears, to drop into a 
small trough, immediately below whore it takes the form of a strip 
and is then ejected, by tilting the trough, into the parison mould ; 
R. T. McGeehas devised a system in which glass flows into passages 
and a chamber constituting an arrangement like a pump. 
By means of a plunger working in the chamber, the glass is forced 
vertically uji one pa.ssagc into a parison mould which comes to rest 
for a short interval at the exit of the passage. L. 1) Soubier has 
patented an arrangement apparently for the charging of machines 
in continuous, as against the intermitUmt, motion for which most 
types of delivering device apply only. 

Two other systems of charging machines automatically with glass 
are combined with novel featijres in bottle-blowing machines. 
The first is that of A. Ferguson.”’ The corajilote machine consists 
of three frames or tables, all three synchj'onisod, two of them 
working in the vertical plane and the third and lowest in the hori¬ 
zontal. The upper vertical frame carries twelve gathering cylinders 
with movable pistons like .syringes, by the action of which glass is 
drawn up from a trough fed by a tank furnace.^ The charge thus 
obtained is then ejected through a funnel into r.ne of the parison 
moulds on the second table. From the latter the parison is trans¬ 
ferred by a fork to the finishing moulds. The second system is due 
to E. T. Femgren.*' In this arrangement the parison moulds are 
fed from below. A bent channel, forming a continuation of the 
tank furnace, forms with the parison moulds when in position, the 
shape of a U. The head of liquid from the furnace forces the glass 
up into the mould. Between the bottom of the mould and top of 
the channel is an adjustable plate to cut off the flow during the 
rotation of the machine. 

Improvements in the Westlake bulb-blowing machine”’ may be 

”” E.P. 160,967. 

”* E.P. 142,365. 

”” E.P. 142,705. 
feP. 151,149. 

”* U.S.P. 1,356,174. 

”» E.P. 154,252. 

”” U.S.P. 1,328,273. 

« E.P. 142,765. 
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noted, as also the applicationj by A. Kadow** of the principle of 
part of that maohivie to the pressing of l^eavy articles of glassware. 
Very small electric Imlhs made from glas^ tubing may be made 
automatically by mcans'of the machine devised by G. A. Lciman."® 
The automatic removal of the heavy part of the nook of an electric 
bulb is accomplished by a craokin^-off machine patented by the 
General Electric Co.™ The bulbs arc mounted necks uppermost 
on a rotating frame, with intermitt<>nt motion. They are brought 
into contact with a flat flame at one station and immediately 
afterwards against a moistened .sharp chilling wheel, subsequent 
to which the cracked top is removed by a projecting rod or 
striker. 

Attention may be directed to the glass vial machine of G. P. 
MacNichol” in which small vials are made from glass tubing. 

Various methods have been devised with the view of improving 
the methods of drawing sheet glass direct. Some arise from the 
desire to advance the Libbey-Owens j^rocess, av'oiding the marking 
of the sheet in the early stage' during which it is finst drawn vertically 
and then bent over a rollA'. .1. P. (Irowley ™ designs an arrangement 
in which a clay roller actually dips in the drawing trough and by its 
rotation gathers a layer of glass, which is then delivered to adrawing 
point whence the shoot is drawn ajV.ay horizontally. M. J. Owens™ 
attempts to deal with the .same problem by red” ving the temperature 
of the gla,ss just before it passes ovmr the roller, whilst, after this 
stage, the sheet is subjected to flattening by an endless chain of 
wooden rollers. In the same process H. S. (hmpbell™ proposes to 
draw' the sheet from the trough by grippers of carbon carried by end¬ 
less chains. Reference may also be made to alternative procc.sses by 
J. Whittemoy; ™ and J. P. Orowdey.™ H. G. Slingluff ” deals with 
devices f«r Controllhig the temperature of the glass in the drawing 
part of t^e tank furnace. , 

The entirely vertical drawing system for flat sheet, like, the 
Fourcault, which *is now being exploited not only on the Continent 
but also ih Japan, and for which American rights have recently 
been acquired, has received attention fronf B. G. Bealor.’* 

“» U.S.P. 1,264,08£ 

“• U.S.P. 1,342,821 
™ E.P. 160,967. 

’> U.S.P. 1,343,lf9 
U.S.P. 1,328,268 
™ U.S.P. 1,345,628 
™ U.S.P. 1,355,441 
™ U.S.P. 1,328,861 
™ U.S.P. 1,342,53! 

" U.S.P. 1,376,975 
™ U.S.P. 1,331,796 
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Sheet glass production by flowing jnethods ha s been devised by 
E. Dauner,'® the glass from a specially-constructed forehearth 
flowing down both sides of a specially-constructed slab, and after 
uniting at the lower edge, the stream is Grafm away in a sheet. 
Somewhat similar is the proposal of J. Whittemore. 

An ambitious scheme for the mass production of lens blanks is that 
of H. W. Hill.*® The apparatus involves heating weighed pieces 
of the glass in a heating chamber on a rotating table ; after 
being brought to the plastic state these pieces are puddled to remove 
striae and bubbles. They are then ejected from the table to a 
heated conveyor, whence they are carried and deposited in press 
moulds on a rotating table and subsequently automatically con¬ 
veyed to the annealing furnace. 

’» E.P. i.ra.iu. 

•“ U.S.P. l,.S32,724-5. 
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EEFRACTOKY MATEIIIAJ.S. 

By W. p;. S. Turner, D.Sc., M.Sc., F. Inst. P., 

Professor of Glass Technology in the University of Sheffield. 

The past year has been fruitful in most of the fields of refractory 
materials investigated, and some researches of quite fundamental 
importance are to he noted. Several subjects appear to have 
received special attention and roderence may be made particularly 
to refractoriness under load, the stu<ly of plasticity, and the 
investigations on porosity. As some of the empirical methods of 
testing frequently employed have been challenged it would be well 
to have revised and jo-issued from time to time standard 
methods modified according to the most recent investigations. 

General Properties of B^fractory Materials. 

H. S. Houldsworth and J. W. Oobh‘ have considerably extended 
their previous studies on the reversible thermal expansion of 
various refractory materials after being heated to definite tempera¬ 
tures. The thermal expansions were measured at varying tempera¬ 
tures from the normal room value up to 1000° C., and the various 
test pieces had previously been fired at temperatures ^ approxi¬ 
mately 980°, 1289°, 1410°, and *1530° C. Kaolin and bauxitic 
fireclay, as v’^1 as magnesia brick, carborundum, and alumina with 
10% of ^all clay had a regular rate of expansion. Kreelays and 
glass potf mixtures after calcination at 980° of 1280° showed a 
large expansion between 500° and 600° C. duo to contained quartz, 
and on coqjing, the contraction in that region was greater than the 
corresponding expansion. After being fired at 1280°, the«xpansion 
between 100° and 250° exceeded the average. After calcination 
at 1410° or 1530° these irregularities disappeared, and on seaching 
the incipient vitrification stage a linear expansion similar to that 
of kaolin was obtained. The change from thp irregular to the 
regular expansion is due to destruction of the free quartz, and the 
rate of destruction dejjends fin the size of the quartz‘grains. A 
mixture of kaolin and amorphous silica with 4% of soda, after 
being fired at 980° or 1280° s^howed regular expansion. 

An apparatus has been designed by E. Rengade and E. Desvignes * 
for determining the hardness of refractory materials at high 

‘ J. Soc. Glass Tech., 1921, S, 16 j J., 1921, 510a. 

• CompUs rend., 1921,178,134; J., 1921, 586a. 
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temperatures. A cone of Acheson< graphite jwas employed to 
produce an impressiop on the refractory paihple heated in an 
electric furnace, the pressure used bein^ 10 kg. applied for 10 
minutes. Progressive softening occurred with rise of temperature. 
High alumina content did not appear to influence ti c extent of the 
impression, but with alkalis it increased. No impression was 
made on silica bricks up to a temperature of 1600° C., although 
above, the adhesion of the grains diminished rapidly. 

The heat transmission of brick and high-temperature insulating 
materials has been investigated by R. H. Horning.^ A test-piece 
was heated electrically by coils of wire in contact with it. The 
cool end rested on a water-cooled plate, baffles causing the water to 
flow in a zigzag path across the plate. Only the heat passing through 
the central part of the heated area (about one-ninth of the whole 
area) was measured, the quantity being obtained from the current 
and fall of voltage in the central heating coil. The temperature 
of the hot face was measured by a thermocouple embedded in it, 
and the average temperature of the water^cnt(!ring and living the 
cooling plate gave the temperature of the cool face. By replacing 
the cooling plate by eloctrically-hoatod coils of wire, a constant 
difference of temperature was maintained between the faces and the 
heat transmission measured for different temperatures of the hot 
face. The materials examined, arranged in order of decreasing 
thermal conductivity, were magnesia brick, silica brick, vitrified 
building brick, firebrick, re-pressed burned kicselguhr brick, natural 
kieselguhr brick perpendicular to grain, “ nonpareil ” insulating 
brick, and “ nonpareil ” high-pressure block. The conductivities 
increased with rise of temperature up to 1500° F. (815° 0.). 

One of the most important properties of refractory materials 
as regards their industrial application is the behaviour ifnder load 
at high temperatures. K. Bndell‘ found that according to their 
behaviour when heated under a pressure of 1, kg. per sq. cm., 
refractory materials might bo divided into four groups;^— 

(1) PirOclay bricks with a refractoriness of about cone 33 (1730° 
C.) began to soften at 1300° C., a 50-mm. cylinder being reduced 
to '30 mm. in a test lasting 4| hrs., in wWh the maximum 
temperature reached was 1500° C. Bricks containing very 
plastic clay softened at 1150° C. 

(2) Magitesite bricks with a refractoriness above 2000° C. began 
to soften at 1500° C. on account of'the binding agent. A 
50-mm. cylinder was reduced to 10 mm. in height in a test 
lasting hours, the maximum temperature attained being 
1650°C. 

= J. Amer. Ceram. 8oc., 1920,3, 865 ; ji, 1921, 48 a. 

‘ Stahl u. Eiaen, 1921,41,0; J., 1921, 347a. 
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(3) Silica brkkt with a rofyactormcss of cone 36 (1750° C.) did 

not soften beAiw 1650° C., but brokg in pieces in hours at a 
maximum tempe'rature of 1680° C. The actual deformation 
was small. ' 

(4) Carbon bricks with a refractoriness above 2000° C. did not 
soften under pressure, and apart from a slight loss in volume 
(about 4%) duo to sonic of the carbon burning away, the 
cylinders were not affected in a test of five hours in which a 
temperature of 1720° (1. was reached. 

The subject has been carried a stage further by V. Bodin,'' who 
has determined the resistance to crushing of samples of clay, 
bauxiti', silica brick, carborundum, fused quartz, impure zirconia, 
magnesia, and chromite bricks. A cube 2 cm. square of the material 
was placed between two cylindrical blocks, the lower one fixed, 
the upper one capable of vertical movement. The relationship 
between crushing load and temperature showed that for silico- 
aluminous and also silica products, a minimum occurred in the 
curve ai. a temperature,of about 800° 0., aft(T which the cru.shmg 
load rose to a maximum point at about 1000° C. These results 
held good for two out of three clays tested, bauxite and carborundum 
and impure zirconia. A minimum and a maximum iwint were 
observed also with fused (piartz *and silica bricks. The resistance 
to load tended tow'ards zero with all proditcts tested at about 
1600° C., whilst all tended to become plastic or semi-plastic above 
about 1200° The author also found that for bauxite, the crushing 
load for material fired at 1500° C. was much greater than when 
fired at 1300° C!., thus confirming an observation of Le Chateher 
that increased firing Uunperattwo increased the rtffractorincss 
of a cla^.,-f 

The testmg of refractory materials at high temperatures is 
frequently interfered with by the influence of .the atmosphere in 
the furnace. In, this connexion a phenomenons of very general 
interest vjas observed by L. Bradshaw and W. Emory,® when 
attempting to measure temperatuns of operations in which coal 
gas was an active agent. It was found that Seger cones heated 
in a stream of coal gas became covered with a hard refractory 
casing of carbon, and remained erect even when fusion of the 
interior took place leading to the flowing out of a vitreous dis¬ 
charge. The deposition was found possible in hll cases where the 
temperature exceeded 950° 4). * . 

Whilst dealing witli the influence of the atmosphere it is inter¬ 
esting to direct attention to the testing-furnace designed by W. M. 
Hepburn.’ It consists of a Surface-combustion fujnace lined with 

® Trane. Ceram. Soc., 1920-21, 21, 50: cf. J. 1921, 213b. 

“ OaeJ., 1921,158, 159; 1921. 024a. 

’ J. Anwr. Ceram. Soc., 1921,4, 765 ; J., 1921, 891a. 
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alundum, fed by seven burners supplied from U mixture box in 
which an explosive mixture of gas and air was wade by a special 
inspirator, which melted down cone 36 in one hour, using 156 cub. ft. 
of town's gas. The maximum temperature'(3400° F.) attained was 
within 200° F. of the theoretical maximum. Tljc advantages 
claimed are simplicity, low fu(51 consumption, ease of observation 
and measuring temperatures, and ability to i^roduco a neutral, 
reducing, or oxidising atmosphere. 

A simple form of gas-fired furnace for use in testing the modulus 
of rupture of refractory materials was built by S. F. 'Walton® in 
cylindrical form of carborundum bricks backed by 1J in. of rammed 
kieselguhr and 4^ in. of firebrick. The gas ports were set tangentially 
to the wall. For maldng the cross breaking tests a lover arrange¬ 
ment was used, one end of the lever pressing through a knife edge 
of refractory matoriaf on the test-piece which rested on knife 
edges embedded in the floor of the furnace. The other end of the 
lever was comioctcd with a chain jack having a handle fitted to the 
sprocket wheel and set on a platform scale. A bucket hung from 
the balance arm of the scale w.as loaded by water from a Marriotte 
bottle. 

In an interesting pajxT by H. Wilson" a detailed description, 
with drawing, is given to show' the use of oxy-acetylene gas in a 
small furnace for using refractory cones. The advantages claimed 
are : (1) simplicity of construction, operation, and repair ; (2) ease 
of control; (3) high temperature obtainable; (4) oxidising 

atmosphere ; (5) comfortable working conditions ; (6) portable 
character of the furnace. The following change is suggested in 
the Ceramjc Society’s specified rate of heating for cone fusion 
tests :—“ The rate of heating shkll not exceed tl^at corresponding 
to one-half a cone (approximately 10° C.) per minute p'ithin a 
range of ten cones below that of the final fusion cone, and this rate 
shall preferably be" decreased to one cone per five minutes within 
two cones of the final cone of fusion.” 

SlMCA E,efeactoeie.s. 

The possibility of preparing high-grade silica brick from quartzite 
rock ha^'bcen examined by E. Lux,** who found that silica bricks 
could be made from quartz rock of a quality corresponding with 
those made from tertiary quartz. These bricks showed under the 
microscope,a hi^n degree of transformation, even of the large 
quartzite grains. Such a transformation whs effected in the case 
of quartzite rock by a high burning temperature as is employed 
in America. The degree of transformation of German silica bricks 

« Ibid., 1920,3, 833 ; J., 1921, 10a. 

• JIM., 1921,4, 835. 

»» Stahl u. Emn, 1921, 41, 258; J., 1921, 390a, 
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was usually of a n uch lower #rder, but microscopical examination 
of the better brieves showed that by arranging the method of 
manufacture to suit the raw material, a briclt might bo made which 
is not inferior to those prepared from tertiary quartz. 

K. Endell," in this connexion, has made a comparative study of 
American and German quartzites as raw materials for the silica 
brick industry. The chemical composition, cone fusion temper¬ 
atures, microstructure in the raw state and after successive firings, 
and velocity of inversion of successive firings, were determine. 
After a single firing to 1435° (!., the German erratic block quartzites 
of the tertiary age showed a much greater expansion than the 
American quartzites. Hes.sian quartzite re.sombled the American. 
The use of the German erratic block quartzites for the manufacture 
of silica brick of the high(*t quality was the more economical, 
both in prc 2 )aration and burning costs, ai compared with the 
American quartzites. 

Observations were made by D. W. Ross,'- during an extended 
jicriod, on the silica bricks in the crown of a tank furnace used in 
the manutacture of bottfc glass. It w as found that great care was 
necessary in heating up a new crown duo both to the largo exi)ansion 
of the whole crown and to unequal exjransion from place to place, 
some portions expanding con,sid;'rably tnore than others. After 
having been in use for 18 months (or more) a crown could usually 
be cooled wdthout disruption if the temirerature did not drop too 
suddenly after the heating was stopped. On reheating, the crowms 
only expanded one half as much as they did in the first heating 
and local non-uniformity was absent. When a crown had been 
cooled after being in use for 18 months a large percentage of the 
bricks werof brcl .-n in two or contained a source of weakness 
approximalely midw'ay between the inside and outside of the 
crown. JMiscroscopical examination ofthe bricks after 18 months’ 
service indicated that they were iiractically all tridymite whereas 
the unused bricks were largely cristobalite and quartz. 

The Rheinische Stahlwcrke'" has carried out conqiarative tests 
on each of two batteries of coke ovens, dno made of sfiica bricks 
(95% silica) with ijme bond, and the oth w of ordinary clay bonded 
firebricks having 79-81% of silica and 15-17% of alumina. The 
former bricks were much more resistant to corrosion from salty and 
wet coals, to slagging and fusing, and to mechanical abrasion. 
Also, contrary to expectations, the yield of Sulphate was not 
impaired. The coke Sfrom the silica brick oven was of better 
appearance and considerably harder than that from the firebrick 
» 

'* J. Anur. Ceram. Hue., 1921, 4, USS. 

“ IbU., 1921, 4, bs ; J., 1921, 218a. 

J. Eiizenauer, StafU u. Eieen ; Iron and Coal Trades Eeview, 1921, 102, 

232. 
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ovens. The economic efficiency of tJje plant wai high. Numerical 
data an5 given, illustrating the differcnce^betm'cn the working of 
the silica and lirebrick’ovens. 

In a study of unfired silica bricks, the'followhig properties of 
silica bricks made in a manner similar to aand-linje bricks, were 
studied by P, Schneider' ‘: compression strength, volume shrinkage, 
density, percentage absorj>tion, and softening jjoint. The bricks 
were built into the furnace in the unfired state. Lime and fireclay 
grog tended to decrease the refractoriness too much, whilst clay, 
used together with lime, retarded the cementing action, preventing 
to some extent the formation of calcium hydro-silicates The 
following method of making silica brick is re(!ommended by 
P. Orth.”’ A mixture of pure silica (the largest particles passing 
a 40-mesh screen and the whole graded so as to secure a minimum 
percentage of voids) ’with 2-5% of hy<lrate(! lime, is moulded, 
treated with steam at a pre.ssure of 125 lb, per s(|. in. for ten hours 
and afterwards fired for eight days at 2H00‘’-3000° F. 
(1640°-1650°C.). 

R. Wictzel'" has studied the stabilitj^ I'elations of*the gla.ss 
and crystal phases of silica. The heats of crystallisation of 
quartz, crLstobalite, and chalcedony were determined and also 
their mean specific heats from' very low k'mjieratures up to the 
melting point. Variations in the transition teinj)eratures of quartz 
and cristobalitc were found to depend on the. state of division of 
the material. With very finely divided quartz the transition 
point could hardly be detected. Chalcedony is mit a distinct 
form of silica, but is microcrystalline quartz. The melting point 
of cristobalftc is 1090° C. Quartz can be melted v ithout conversion 
into cristobalite ; its melting pohit is between 1(100° and 1070° C. 


•Fibbclav Refractories. 

Research into the properties of fireclay refractories has not 
diminished but has tended to increase. E. M. Firth anJ W. E. S. 
Turner” have continueef their investigations** of British fireclays 
and have given the shrinkages, porosities, etc., /or the clays after 
firing to' 1600° C. 

The shrinkages of some kaolins and clays were measured by 
A. Bigot’® on slab^'of the prepared clays or kaolims : ia) when the 
finely powefcred materials were madefinto sffibs without pressure, 

” TmdwlZmt., 1921,48, 452. 

U.g.P. 1,363,2«4-, J., 1921, 149 a. » 

• *« Z. amrg. Cimti., 1921,116, 71 ; J., 1921, 511a. 

” J. Soc. aUsa Tech., 1921,6, 268 ; 1921, 891a. ' 

•'« See J., 1920, 028a. 

*» Comptes rend., 1921,172, 755 ; J., 1921, 302a. 
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(6) when the slAs were iiJoulded under pressure. They were 
compared also with sjahs prepared from' pojvdered quartz, felspar, 
and talc. These last-named materials gave slabs which, on drying 
at 110°, lost weight but did not contract, finally falling to powder. 
With the {a) c imples, it was found, that contraction ceased before 
the weight became constant, the author supposing that, of the 
water added to the clay, part helped to swell the colloidal particles 
and part was merely interjK)sed between the particles. Shrinkage 
ceased, on this view, when the colloidal water had boon removed. 
Tests made with slabs moulded under pressures of 170 kg. and 
370 kg. per sq. cm. led to the conclusion that increase of temperature 
and pressure diirmg moulding diminishes both the eolloidal and the 
interposed water. In these cases, shrinkage ceased at an earlier 
stiige than when the slabs were made withoqf pressure. 

In a continuation of the investigation,®” Bigot measured the 
variations of volume with temperature of slabs of various clays and 
bauxities, the slabs being prejmred under a pressure of 800 kg. per 
s(i. cm. rThe conclusion,s drawn were that all bauxities, kaolins, 
and clays which contain free silica, commence to shrink below 
1000° (.'. All those whicli expanded below 1000" (I contained free 
silica. Whilst bauxities do not rapidly expand before reaching the 
fusion point, clays and leaolins db. TTio expansion is regarded as 
due to the evolution of gases M'hich arc trapped in the vitreous 
silicates. 

E. F. Gellcr “ has studied the effect of time on the drying shrinkage 
of three shales, two ball clays, and one fireclay, samples of which 
were thoroughly worked, and then made up into cubes. It was 
found that the drying time depended largely on the water content, 
although thpfetruelrre of the clay was also of considerable influence. 
The totaf shrinkage was proportional to the water content, but was 
not influenced by the rate of drying. • 

Porosity, a prsperty of refractory materials which is of far- 
reaching iniportance, is receiving extended treatment at the hands 
of E. W. Washburn and hLs colleagues. In,his introductc,ry paper ®® 
the author brieflv outlines the significance of porosity. The 
requirements of art engineering testing method are stat<;d to be 
simplicity, rapidity, and convenience with no more accuracy than 
practical considerations justify. There should, how’over, also be 
available a standard reference method, that is, a Is-boratory method 
where accuracy is the .main h^quiremeut. Six types of pores are 
described and the process of absorption under various conditions 
is analysed. Definitions are jiroposed for the terms permeability, 
penetrability, absorptivity, porosity, bulk density, closed pore 


Ibid., 1921,172, 854 ; d.,^1921, 302 a. 
J. Amer. Ceram. Sac., 1921,4, 282. 

“ Ibid., 1921,4, 916. 
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space, and “cracks” and “Holes, ' and melliodf! ol measurement 
are suggested. ^ • 

In conjunction with F. F. Footitt,^’ Washburn has made a 
thorough investigation of the use of water as an absorption liquid 
for the determination of poro;iity. Ho states that the ordinary 
immersion method and simple immersion in low vacua without 
boiling are unreliable. Absorbed w ater vapour may cause errors 
up to 2% in the porosity value. Perfectly dry tired clay will 
remove water even from concentrated sulphuric acid and from fused 
calcium chloride. Boiling in water at atmospheric pressure pro¬ 
duced a gradual and continuous rehydratiori of the clay, and errors 
from this .source may amount to 3% besides the error from dis.solved 
material, which may amount to 2% during a three hours’ boiling. 

A vacuum method saturation is described in which w'ater may 
bo employed as the saturation liquid under conditions where the 
above sources of error are reduced to a minimum ; the method is 
not, however, recommended as a primary .standai'd. It is .shown 
from theoretical considerations that a soaking period is necessary 
and methods are given for calculating and for measuring the 
minimum soaking period required for a giiAm test piece and a given 
liquid of known penetration. 

The use of petroleum iiroductri as absorption liquids ha.s been 
similarly investigatdd by Washburn,-'* in collaboration with K. N. 
Bunting. The advantage of petroleum 23iodacts is that slaking, 
chemical reaction, adsorption, and solvent action are avoided. 
Longer soaking time is required, however. Paraffin and vaseline 
are both materials with a high fluidity when hot, and a compara¬ 
tively low ‘fluidity when cold. Tht^y iJcrmit of .the surface of the 
saturated test piece being brought to a definite land reproducible 
condition with all surface pores full. Paraffin may be fcsed, but 
vaseline is preferable because it undergoes no change of qffiase on 
cooling. A saturation procedure is described ^and comparative 
results given. A i)enetratimcter for determining the pcnctrativity 
of liquids is also described. This work is to be continued. 

R. M. Howe and his collaborators have continued their valuable 
work oq the spalling of ndractory materials. In dealing with tests 
of firebrick made from ganister, flint clay, and plastic clay mixtures, 
Howe**^ investigated several properties. Five experimental batches 
of firebrick were .made by mixing various iwoportions of ganister, 
flint clay, asid plastic clay in such a way as to vary the silica content 
from 63 to 77% and the alumina content Irom 43 to 20%. The 
fusion points were found to be only slightly lower than those of 
corresponding pm'e silica-alumina mixtures. Load tests at high 


Ibid,, 1921, 4, 961. 

IbUL, 1921, 4, 983. 

“ Ibid., 1921, 4, 206 ; J., 1921, 259a. 
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temperature showtd that thi". behaviour under compression does 
not depend on chchiical composition so much as on other factors 
such as the temperature of burning. The resistance to spalling, as 
tested by alternate heating and dipping in cold water, was found to 
decrease as the tcmiierature of burning was increased from 1300° 
to 1400° C. The higher silica bricks were relatively more resistant 
at the lower temperature, but not so at 1400°. Therefore the 
substitution of ganister for flint clay increases the resistance to 
spalling at moderate operating temperatures, but is of no advantage 
at 1400° 0. or above. 

Together with R. P. Ferguson,^* Howe studied the spalling of 
bricks which were heated in the door of a furnace and then rapidly 
cooled, some by standing in water to a depth of five inches, and 
others by directing a jet of cold air from blower on them. In 
each case the loss in weight due to the detachment of particles was 
taken as a measure of the amount of spalling. Both spalling tests 
gave similar results. With bricks made from the same clay, 
lightly burned bricks spalled less than hard-burned bricks and 
resistancf/to spaUing was increased by using coarser ground material. 
These teste led to accurate conclusions where the same fireclays were 
involved, but misrepresented the facte observed in works service 
when different clays were coneerjied. These discrepancies disap¬ 
peared when the .specimens were heated for 11 a e hours at 1400° C. 
before testmg. Two fireclays which pioduced bricks which were 
very resistant to spalling when in use were characterised by a 
constancy in poro.sity over a wide range of temperature, and were 
therefore considered very resistant to vitrification. When fire- 
brioloi spalled in service the pieces were usually dense ot vitrified. 
The connexion b'„'ween vitrification and spallhig was established 
by expeiitficnte. Fireclays which underwent slight change in 
porosity ijhen heated over a wide range of tomiicirature had a very 
slight tendency to vitrify, and were particularly adapted to the 
manufacture of non-spalhng bricks. 

Howe and S.M. Phelps” found that in the air-spalling test, burnt 
bricks with grog had their resistance to spalhng increased by 5% 
for each 1% of grog added. The bricks with grog were, however, 
more porous and weaker mechanically, but showed less burning and 
drying shrinkage. The authors do not say that the same results 
would necessarily obtain with all grogged clay#, although with a 
plastic clay they appeared to do so. . 

-More than one inv'c^igator has been interested in the subject 
of plasticity, and the ageing of clays. R. F. MacMichaeH* concludes, 
from observations extending dv^er several years, that when water is 

““ Ibid., 1921, 4, 32 ; J., 1921, 317a. 

” Ibid., 1921,4,-119 ; J., 1921, 217a. 

British Clayworker, 1920-21, 89, 183. 
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added to dry clay, a disruptive forcA’ is produce withia the mass 
opposing the cohesion clay particles, plasticity resulting 

from the balancing of these forces. Fluii|s other than water can 
produce plasticity, but organic matter and soluble salts are not 
regarded as essential to plasticity. i 

The ageing of clay is dealt with by H. Spurrier.®* Evolution 
of carbon dioxide was found to continue for over 34 days after 
pugging, and, like the change of plasticity, to proceed more rapidly 
between 80° and 90° E. than below 60° E. The effect of replacing 
water by non-aqueous liquids is to inhibit the development of 
plasticity altogether. The effect of a dilute solution of hydrogen 
peroxide is to produce a pronounced increase of viscosity, and also 
to stimulate the growth of alga; and the consequent evolution of 
both carbon nionoxidf and carbon dioxide. It appears probable, 
therefore, that the change of plasticity of clays with time is due, 
in some way, to the growth of such alga;. This alga; theory would 
explain all the facts found. The ratio of the amounts of alumina 
and silica dissolved by potash was found, for tin; three cl.ays tested, 
to decrease rapidly with diminishing plasticity, and therefore might 
Avell be used as a quantitative measure of the plasticity. 

In a comprehensive survey.of the subject of the plasticity of 
clays, J. W. Mellor®" states thaVit is probable, other things being 
equal, that the distribution of grain size which permits the closest 
packing of the particles and exposes the maximum .surface area, 
would be most favourable to high plasticity. Agents which cause 
a clay slip to coagulate enhance the plasticity of clays, while those 
which deflocculate the clay diminish its plasticity. These effects 
can be explained by considering the various molecular forces 
between the clay and liquid molecules. PlasticAsing agents (e.g., 
gum, tannin, etc.) probably act indirectly by adsorptiofl, though 
the plasticity of ehina clays practically free from organsc matter 
shows that adsorbed organic colloids are not tjie source of their 
plasticity. There is an intimate connexion between the plasticity 
of a clay pnd its past Ipstory with respect to contact with water, 
which suggests that the clay is slowly hydrated to form a colloid, 
though pa difference could be detected in the plasticity of a clay 
after removing as much of its colloidal matter as possible. 

H. G. Schurecht®' made experiments on the effects of the firing 
temperature on ,t}ie strength of fireclay and stoneware bodies. 
The crosB»breaking strength, poro^ties, ^ and shrinkages were 
determined after firing to different temperatures. It was found 
‘ that, with one exception, maximum strength was developed by 
firing to cone 8. even when porosity and shrinkage data showed the 

J. Armr. Veram. Soo., 1921,4,113; J., 1921, 217a. 

“ Trans.,Ceram. Soc., 1921, 21, 91 ; cf.'j., 1921, 471a. 

J. Amer. Ceram. Soc., 1921,4, 366 ; J., 1921, 611a. 
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bodies to be over‘ or under-^ed at this temperature. The cause 
of weakening aboV’e cone 8 might be due to the formation of silli- 
manite. Bodies which developed maximum shrinkage and minimum 
porosity at cone 8 had a'greater ratio of fired strength to dry strength 
when fired to cone 8 than those which were under- or over-fired at 
cone 8. 

Several papers have been published dealing specially with refrac¬ 
tories required for glass-making. D.H. Fuller”^ has made a study 
of some bond clay mixtures. In attempting to produce results from 
certain American clays equal to those obtained from Grossalmerode 
clay in glass pot bodies, the author found it was not possible to 
duplicate the physical properties, especially the low water of 
plasticity and low drying shrinkage of the Grossalmerode clay. 
Several of the mixtures, however, gave better results as regards 
resistance to corrosion of glass batch than Vhe one containing the 
Grossalmerode clay. 

The raw materials used, the methods of grinding and mixing the 
raw clay and grog, and the way in which the ])ots are built and 
dried are"^ briefly described by W. K. Brownlee and A. F. Gorton.” 
The authors emphasise the imporfaince of handling the pots gently, 
and of storing them in a warm and dry place. The precautions to bo 
taken in preheating pots in arches are discussed at length, for 
this is the critical period in the life of the pot The batch should 
be properly crushed and mixed and should either be preheated or 
loaded in gradually ; and the furnace tempt^rature should be care¬ 
fully regulated. It is particularly urged that the technical treat¬ 
ment of pots in the glass works be entrusted to a man trained in 
ceramics and physical chemistry. After discussing'* the usual 
design of arches f'^r heating glass melting pots, the authors suggest 
improve.mehts as to firebox locations, construction of walls, door, 

etc- 

Dealing with the proportional dimensions of wide and low glass¬ 
house pots, J. Baldormann •’* argues that the most rapid and 
cconomicall melting of a glass batch in open pots is accomplished 
by the use of comparatively low and Wide pots. The internal 
dimensions of the pots recommended range from 1-51 m. at the top 
to 1-41 m. at the bottom, and 0-535 m. in depth to 0-82 m.,‘0-72 m., 
and 0-42 m., respectively, the thickness of the pot wall ranging 
from 120 mm. to IX) mm. correspondingly. The capacity of the 
first pot is given as approximately 45 cwt. of Hatch, and of the 
second 9 cwt. f- 

There have also been published a numter of researches on various 
other points connected with fireclay refractories. 


“ Ibid., 1921, 4, 902; J., 1922, 101a. 
“ Ibid., 1921,4, 97. 

Spredhmal, 1920,63,2,11. 
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The tests on clays are unfortunf tely empiijical and different 
investigators do not all use the same teste. R. F. MaoMichaeH* 
describes a series which he states have given satisfactory results 
in practice over a considerable period. General appearance and 
structure, working properties when crushed, pugged, forced through 
dies, plasticity when made to a standard viscosity, wet strength, 
dr)dng and firing shrinkage, transverse and breaking weight, 
working, loss of weight, porosity, density, and refractive index, 
all are included and directions for their application stated. 

W. C. Hancock’* has shown by using a plastic Stourbridge 
clay, to which varying amounts of grog were added, that the 
amount of tempering water required diminishes as the percentage 
of grog increases, but increases when the grog is made finer in 
grain. 

J. W. Mellor, N. Sinclair, and P. S. Devoroux ” found that clays 
gradually lose some of their so-called combined water at ordinary 
temperatures. This water is reversible and is restored in a moist 
atmosphere, showing that no drastic chapge has occurred in the 
structure of the clay molecule. This change is totally different 
from that which occurs when water is expelled at higher temiiera- 
tures. This “ overdried ” clay has some important properties. 
The resorption of water is so very slow, and it requires so long a time 
to restore the original plasticity that the working qualities, plas¬ 
ticity, shrinkage, etc. of certain troublesome clays can be modified 
and regulated by desiccation. The dried clay approaches the 
condition of many unweathered fireclays in requiring exposure to a 
moist atmosphere for a long time before the original plastic condition 
is resumed; The custom of seaspning glass pots for a few months 
in a warm dry place may not really be so reduno’-ant an operation 
as might at first sight lie supposed. From this point of ■ view the 
storing of clays in a warm dry spot is not conducive to thoir subse¬ 
quent working in their most plastic state. 

The water-smoking behaviour of two plastic brick clays, one 
shale, and one fireclay has been studied by R. F. Geller *® by heating 
4-in. cubes at different rates, two thermo-elements being buried in 
the brick and two others placed against the eiiterior surface. To 
save time in water-smoking the ware should be previously dried 
not far from 100° C., good circulation should be provided in the 
kiln, and the temperature of the interior of the product should not 
lag appreciably behind that of the kiln. It should bo possible to 
water smoke heavy clay products in 15 hofirs with a heating rate 
,of 20° C. per hour. 

I 

*® British CUiyworker, 1920, 21, 29, 189. 

»• Trans. Ceram. Soc., 1919-20, 19, 149. 

« lUd., 1921-22,21, 104. 

•• J. Amer. Ceram. Soc., 1921,4,375; J., 1921, 611a. 
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A method is dtWibed byiH. G. Schurccht“" for determining 
the rate of sedimmtation of clays by pleasuring the suspended 
weights of a glass jilumraet in a clay slip at different inter¬ 
vals of time. The siJecific gravity of the slip remaining in 
suspension maj{ be calculated as follows :—8 — (IVP8)-i-(Pd-P»). 
where S is the specific gravity of thc'slip, Pd the dry weight of the 
plummet in grams, P„ the suspended weight in distilled water, and 
P. the suspended weight in the clay slip. The average weight of 
clay per c.c. is calculated as follows :—G„ = 1) (8 — d) ^ (D~d), 
where is the average weight of clay per c.c., 1) the specific 
gravity of the clay, and d the specific gravity of water. It is imprac¬ 
ticable to separate by clutriation clay particles smaller than 0-003 
mm., which constitute 60-100% of many clays. It is possible to 
classify particles as small as 0-0001 mm. by the plummet sedimen¬ 
tation method, and the results are monyuniform than those 
obtained by clutriation. 

According to W. H. Grant''" the failure of firebricks in oil-fired 
furnaces results from : (1) spalling and falling of aide-wall bricks ; 
(2) disintegration of brickS in the direct path of the flame ; (3) glazing 
of the surface with green glaze which jJcnetrated and weakened the 
brick; and (4) erosion by flame. A plea is made for more 
research in the field. 

Basic Refbactokies. 

H. G. Schurecht" has made extended experiments in the dead 
burning of dolomite and magnesite, Dolomite is diflicult to 
bum dead, because the absorption of moisture from the air produces 
a gradual slaking, due, jirobably, to the hydration of lime and 
various lime componnd.s, and thisi tends to cause disintegration. 
MAth all thpAluxi-n tried, 100-mcsh raw material gave greater 
resistance* to slaking than 8-mesh size. This resistance decreased, 
however, "with increasing temperature of calcining by an amount 
which appeared tu depend on the silica and alumina content of the 
flux, being,greatest for basic open-hearth slag and kaolin, less for 
flue dust and iron ore, and least for roll scale. The sta];)ility also 
varied with the proportions of flux used, being greater, as a rule, 
for smaller proportions. The shrinkage and porosity curves for 
mixtures containing flue dust, iron ore, or roll scale were very 
similar. The higher the proportion of flux, the lower was the 
temperature required to get maximum shrinkage and minimum 
porosity. Kaolin and basic •open-hearth slag behaved* peculiarly 
in that vitrification depended more on the burning temperature 
than on the properties of the flux used. It was found that ageing 
of the wet calcined material Vas necessary to prevent cracking of 
Ibid., 1921, 4, 812; J., 1922, 101a. 

« Ibid., 1921, 4, 390; J., 1921, 511a. 

“ Ibid., 1921,4,127 ; J., 1921, 218a. 
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the bricks upon drying. With 5% of magnjpsium chloride as 
binder, comparatively string bricks were obtained. High shrinkage 
on firing caused excessive cracking, but the bricks were extremely 
dense and did not disintegrate until after four to six months. 
Unfired tar-bonded bricks were made with sufficii^nt strength to 
stand shipping and with a storage life of about four months. Fired 
tar-bonded brick showed less .shrinkage and cracking than similar 
bricks made with water. If dipped in tar to protect them from 
moisture, such bricks would last five or six months before disinte¬ 
gration. It is possible then to make dolomite brick with a 
storage life long enough to allow shipping and placing in furnaces. 
Unlike dolomite, magnesite showed less slaking effect the higher 
the temperature of burning. Roll scale gave greater stability than 
iron ore, probably because of its lower silica content. The product 
was comparatively poious and had a low shrinkage even with high 
proportions of roll scale. 

A method of treating refractory oxides and for shrinking 
magnesia has been patented by L. K. Saunders. For {a) shrinking, 
agglomerating, sintering, or fusing refraetofy oxides, or (h} shrinking 
magnesia, the material is heated locally by the passage of an electric 
current through, for instance, a thin carbon rod embedded in the 
charge above the median horizontal line. The carbon burns away 
and the charge in the vicinity agglomerates and becomes electrically 
conducting and then serves to carry the current. 

On the basis of practical experience the preparation and use of 
mixtures of dolomite and tar for converters are described by M. 
Backheuer,*“ and a method is indicated for burning the plugs, 
rendering them free from cracli|P and giving greater durability to 
the packing. a 

In dealing with fireclay, silica, magnesia, chrome,- bauxite, 
zirconia, carboruudum, and alundum refractories for the electric 
furnace, R. M. Howe ** gives figures for fusion points, temjieratures 
at which the refractory failed under a load of 50 lb. per sq. in., 
thermal conductivity at 1000° 0., and specific heat at 100° 0., and 
indicates the resistance of each to spalling. He also gives direc¬ 
tions and advice for furnace construction and control. 

A number of patents have been issued covering the manufacture 
of refractory materials for furnace linings. A. Rollason** suggests 
crushed dolomite or magnesite mixed with 6-10% of crushed basic 
slag, passed through a basic-lined riotary kiln internally fired to 
approximately 1800° 0. If annealed out Vif contact with air it 
“ knits together ” better. 

“ Asar. to Norton Co., U.S. 1,3.’)2,387 and 1,352,388 ; J., 1921, I49a. 

« iStahl u. Eisen, 1921, 41, 954; J.. 1921, 687a. 

** Ckem, and Met. Eng., 1920,23,1216. 

“ E.i>.T66,447 I J., 1921, 149a. 
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J. F. Mollon and,W. W. Pathoostate that refractory material 
suitable for furnace linings is made by aiding a small percentage 
of common salt to a sfu^ry of raw dolomite and then passing the 
mixture through a rotary kiln operated at a temperature sufficiently 
high to calcine the dolomite and drive off practically all the salt. 

A monolithic furnace lining or other structure is made, according 
to J. H. Cumpsty,^’ by arranging auitabl(( metal reinforcement in 
a moukl and filling the latter with a thin cement composed of 
magnesia and sodium silicate or like binding material, or with a 
mixture of broken magnesite bricks or magnesite and 10% of sodium 
silicate. The moulded artick? is dried and fired and is then ready 
for use. 

Other Refractories. 

The investigation of the physical characteristics of specialised 
refractories has been continued by M. L. Hartmann and W. A. 
Koehler,'"’ who have determined the transv'erse breaking strength 
of ten commercial refractory bricks at 20” C., and at ISliO” C. All 
materials dxcejit two spAimens of bonded carborundum showed a 
great reduction in strength at the higher temperature. The values 
for the modulus of rupture in pounds per square inch at 20“ C. and 
13.50” C. respectively for s])eciniens'of the materials mentioned, 
were : bonded carborundum-carbofrax A 210^, 2274; carbofrax 
B 2651, 2129 ; carbofrax C 2215, 1918; sihea No 1 608, 145; 
silica No. 2 491, 178 ; magnesia 1388, 136 ; fireclay grade A 665, 
113; bauxite 1315, 99 ; chrome 1392, 22. 

The prejiaration of zirconia from Brazilian ore and a new method 
for determination of zirconia is described by R. C. Rcj^siter and 
P. H. Sanders.'"' In the oxtractibn of zirconia in a pure state 
from its oyiiss^ne of the chief difficulties is the complete separation 
from iron and alumina. This paper describes a simple method for 
the separation, one w'hich has been found to give jfractically quanti¬ 
tative results. The method is based on the precipitation of the 
zirconia as » basic sulphate in which the ratio of zirconia to sulphuric 
acid is expressed by the formula 5Zr02,2SC)3. 

M. Sheppard has studied the effect of calcined zirconia on 
zirconia cements. "Seven refractory cements were made having 
compositions of zirconia 90% and plastic clay 10%. The shrinkage 
was found to be excessive in a cement containing raw zirconia 
and clay. The addition of 50% or more of calcinoil zirconia practi¬ 
cally eliminated this sh^fnkag? and the cracking which aCbompanied 
it. Draw trials showed that the cement became strong at 1200“ C. 

" U.S.1'. 1,SB.'-.,336; 1«2U149a. 

" E.P. l.W.Sl.B ; 1921, 82 a. 

Tram. Atmr. Eleelrochfm. Soc., 1921, 129; J., 1921, 771a. 

"> J., 1921, 70t. 

“ J. Aimr. Cer. Soc., 1921, 4, 602 ; J., 1921, 891a. 
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and that it was very strong when oumed at 1700° C. Load tests 
on piers at 1500° C. she wed that joints of these cements did not 
fail in any manner at this temperature.' An industrial test of 
zirconia cement used as a wash for bungs in a malleable iron furnace 
showed that the life of a bung was increased about 25% by the 
use of a zirconia wasfi. 

Patents granted to the Carborundum Co., Ltd. included the 
following: F. J. Tone “ makes a highly refractory material consisting 
essentially of a burnt mixture of zirconia and sillimanitc. Others 
by 0. Hutchinsare for (a) a highly refractory material consisting 
essentially of a burnt mixture of zireonia and alumina, and (6) a 
mixture of zirconia and chromite. M. L. Hartmann®^ describes a 
refractory containing carborundum and a bonding material contain¬ 
ing mixtures of zirconium and aluminium silicates. S. C. Linbar- 
ger“ outlines the production of a refractory article which is 
built uj) in layers, one outer layer having fireclay as its predominating 
clement, and the opposite outer layer, forming the facmg of the 
article, having silicon carbide in proportions ranging from 50 to 
100%. In order to avoid spalling the amount of siluion carbide 
in the intermediate layers is proportioned so that the coefficient of 
expansion varies gradually on passing through successive layers. 

Graphite for crucibles has •received considerable attention. 
F. G. Mo.ss has dealt with the refining of Alabama flake graphite 
for crucible use. Investigations on refining crude graphite concen¬ 
trates showed that no one refining treatment is equally applicable 
to all concentrates on account of the different characteristics of the 
crude graphites and their impurities. When the impurities are 
free or soft, they can easily be separated by grinding, but hard 
impurities interlaminated with the graphite ar,; more difficult to 
separate. An aspirator and pneumatic jig are only useful for 
removing the coarse, hard, and free impurities. It is possible by 
the refining method suggested to obtain a final, product with over 
90% of carbon. 

G. H. pubpublished tentative specifications, suggested by the 
Columbus Experiment Station of the U.S. Bureau of Mines, for 
No. 1 flake graphite, as follows : The graphite carbon content 
determined by weighing the residue left after heating the dried 
sample for three minutes at 800° C. should not be less than 85%. 
The cumulative percentage residues on a series of screens should be : 
35% on 35 standard mesh ; 50% on* 65 standard mesh, and 100% 

“ U.S.P. 1,362,274 ; J., 1921, 82a. 

“ Tj;S.P. 1,362,316-7 ; J., 1921, 82a. 

“ U.S.P. 1,376,091 ; J., 1921, 434a. 

Assr. The Carborundum Co., Ltd., E.P. 168,261 ; J., 1921, 735a. 

“ V. S. Bureau of Mines Bull., 118,1920,46 ; J., 1921, 81a. 

" It*d.,T920,118, 38 : J., 1921, 81a. 



KEFEAOIOBy MATBBIALS. 


227 


on 100 standard njicsh. The t permissible allowance is not more 
than 3% through a 100-itjesh screen. 

Two methods for making graphite crucibles are described by 
J. H. L. De Bats." In the first, non-ferrous metal is mixed with 
the material containing clay from ;ivhich the crucible is made, 
giving, in use, a surface coating of metallic silicate, and in the 
second, finely-divided metal of the aluminium-magnesium group 
is mixed with material containmg clay used for making crucibles ; 
the latter may be burned shortly after moulding. 

Askf. to Iho Luva Cruciblo Co. of Pittsburgh, U.S.P. 1,374,909 and 
1,374,910; ,7., 1921, 434a. 
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OEKAMICS AND BITILDIN(} MATEKIALS. 

By W. Emery, 

Potteri/ Laboratory, Stoke-on-Trent. 

The past year does not appear to be marked by any work of out¬ 
standing significance, tliougli the literature published during the 
period, while not extensive, contains many interesting and 
important data, llesearch work seems to have been applied more 
generally to the solution of specific (ioramercial jnoblems, the funda¬ 
mental scientific ]>ri:ciplos, affecting the whole field of ceramics, 
having received rather less attention. This was, ])erhaps, the 
natural consequence of the unsettled economic conditions, which 
have prevailed universally throughout the )iost-«ar period. The 
scarcity of coal, for instance, is res])orsible for the remarkable 
araounl of space devoted by the technical journals to the. subject of 
fuel economy in all its aspects. 

The physico-chemical pr(jblems concerning the nature of soils 
have, of late, received much atteiltion. Some of these—in jrarticular 
those dealing with the effect of grain size and the (piantitative 
disposition of colloidal matter, bearing, a.s they do, on the funda¬ 
mental properties of clays- ar(^ of special inb^cst to the ceramist. 

In a bulletin, not previously mentiomd in this summary of 
progress, Sven Oden ^ discusses in an able manner the various 
theories postulated in explanation of the constitution of clay. 
As the result of his own observations, he defines clay as ‘"^A di.s 2 ierso 
formation of mineral products in which particles smaller than iji 
predominate. A-mongst these mineral fragments may ochur quartz, 
felspar, mica, and others, as well as their various decomimsition 
products.” Also, ” While in most colloidal media the disperse 
phase constitutes the minor jiart of the system, in clays the disperse 
phase predominates.” 

A. Bencke “ has studied the, relation betweeri'the colloidal matter 
in clays and plasticity. Several exjieriments on the adsorptive 
capacity of clays are cited. The author states that when specified 
salt solutions are allowed to stand in contact with clay, definite 
amounts \)f the basic ions are adsorbed. In his remarks on the 
action of electrolytes upon clay slips, he again draws attention to 
the fact that the phenomena of deflocculation and coagulation 
occur in phases ; the curves indicating the progress of those 
phenomena show maxima and minima. He concludes, in his 

^ BvU. Choi. Imt. Vpmla Vniv., 1916, 16, 175. 

* Sprixhsaal, 1920. 55, 490. 
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sum maty, that thct rocogniti()|i and furthtu- investigation of the 
colloidal nature! of liiays itiay lead to a satisfactory scientific raef hod 
of measuring plasticity. * * 

C. J. Moore, W. H. Fry, and H. F. Middleton ■' have worked out 
the necessary dej^iils of a itrocess for measuring the colloidal content 
of (elays. 'I'heir method may he summarised thus : The sample 
is blunged with water, allowed to settle! fetr a givem lemgth etf 
time, the- ajejtare'utly ch'ar supemiatant liejueir theui de'canted, 
centrifuged, einel the colloielal matter extracteel by dialysis. The 
behavieiur eif this so-ealle-el “ ulti-ei-clay ” is typically colloidal; it 
exhibits a wcll-elefineM Brownian nietveinent, anel when elrieid has 
an exceptionally high mechanical strength. Two medhexls are 
indicateel, erne based on the relative absorption of ammonia after 
drying at 110" tt, iuid then eifter heeiting te) 1130° tt, and the otheer 
on the relative absorjetie)!! e)f malachite! green erfter similar treeatment. 
A typical result is:—(Jeilleeielal clay, hc'ated to 110°, eibsorbed 
0-1 llKi g. e>f elye ; untreated chiy, heatc'el te) 110°, O-tKl.*)? g. ; heated 
to 1130", O-OOlSg. Assuming that the last figure (0-0018g.) 
■•eejuesents *1110 abseerptieeti by ne)n-ee)lle)ielal matter, then 0-0357- 
0-0018 — 0-0339 g. has bee-n abseerbe-el by the ceelloie]. Hence, the 
ratie) of 0-0339 to 0-1190 gives the preepeutiem eef colloielal matter 
prese-nt in the clay, in this case therffore, 28-3%. Parallel experi¬ 
ments e)n similar clays to those used for the dyc-absoq)tion test 
were subjccteel to the amme)nia treatment, witu the remarkable 
result that ielemtical value-s were obtaineel in both ca.scs. 

A modification of the! apparatus elesigne!el by Odei-n for studying 
the sedimentation ejf soils is elescribed by H. G. Schurecht.* For 
de!tennining the rate of sedimentation of clays the «uspcnded 
weight of a gl^ss nlummet immerseel in a clay slip is deetermined 
at eliffercKt Intervals e)f time. The new apparatus, designeel by 
the U.S. llureau of Mines, is intended to overcome some of the 
objections te) the Odt-n and Wiegner methoels. ft is claimed that 
particles as small 5s 0-0001 mm. can be classifiexl by the plummet 
sediraontatibn method and that the results are more uniform than 
those obtained by elutriation. • • 

Many expcrimcnte>rs have used the “ Plate theory ” in relation to 
plasticity, see that further investigation of the mechanics of surface 
friction is wedcomc. G. Terraghi has determined the character 
of those forces by a careful study of the behaviour of smooth glass 
plates in close contact. Wl^en exposed to oxtSrnal forces, the 
effect of interposed water films is very marked. Frictional 
resistance was found to be due to the presence of microscopic 
particles deposited between th(j two surfaces. 

’ J. Ind. Emj. Chem ., 1«21, 18, 527 ; J., 1921, 710a. 

* J. Atmr . Viiram . Eoc., 1921, 4, 812 ; J., 1922, 101a. 

“ Pfti/A. Rev., 1920, 18, 54. 
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In an account of his rcsearcli.' on the liaturo of oiicludt*! 
gases in prepared clajis, H. Spurrier* has made a valuable 
contribution to cei'amie literature. Way jiugged in the 
manner described in his earlier comiiuinieations was found 
to evolve carbon dioxide eontinuously for ^ 35 days. A 
parallel series of trials was conducted at temperatures of 60° F. 
and 80°-90° F., and it was found that the rate of evolution increased 
at the higher temperatures. This observation is important, since 
it was already known that clays stored at a temperature slightly 
above normal became more plastic than when aged at, say, 60° F. 
Subsequently, he designed a series of experiments with the object 
of artificially increasing the plasticity of clay. Water, for 
instance, was replaced by alcohol, benzene, bromoform, 
carbon bisulphide, carbon tetracldoride, ether, and sulphuric 
acid, but none of irhese substances led to the desired result. 
He concluded, therefore, that the presenee of hydroxyl- 
ions is an essential factor. Upon adding hydrogen peroxide to 
various slips, he found that the viscosity and plasticity were in¬ 
creased with a simultaneous growth of green algro. OVting to the 
respiration of this filamentous growth, carbon dioxide and 
carbon monoxide were given off; to mamtain continuous 
growth, further additions of the peroxide had to be made from 
time to time, the.mass finally becoming distinctly plastic. The 
author concludes that the increased plasticity of stored clays is 
due to bacterial action (a theory that had been propounded many 
times previously, and at least one attempt has been made on a 
commercial basis to increase plasticity artificially by somewhat 
analogous methods). A comparative measure of plasticity, it is 
suggested, may be obtained 6y determining ^le ratio alumina- 
silica dissolved by a hot solution of caustic potash.. The few 
experiments recorded appear to warrant further research along these 
lines, but they are not of such a nature as to justify positive con¬ 
clusions, little having been added to the results \)btained by earlier 
observers. 

J. W. Mellor’ reviews the modern theories relating to the causes 
of plasticity and criticises many of the so-cajled plasticity tests, 
e.g., dye-absorbing capacity, viscosity of slips, flow under pressure, 
etc. The property, he points out, is a mechanical one, the resultant 
effect of a deformation and a pressure, therefore tests which measure 
only one physical property are not measuring plasticity. He 
states fuAher that experiments are now lieing made in which the 
following factors are noted :—^the proportion of water to the clay, 
the resistance offered to change o{ shape, the amount of defor¬ 
mation possilfie without causing the clay to crack; and that the 

J. Amer. Oeram. Soo., 1921, 4, 113 ; If., 1921, 217 a. 

’ Traw. Ceram. Soc., 1921, 21, 91 ; J., 1921, 471a. 



CERAMICS AND BnlLDING MATERIALS. 231 

results will be j)u\)lishcd latfr. In the concluding portion of 
his paper, the author recalls previous experiments carried out by 
Lowenstein, Bleininger,tirid Moore, who reported that clays may be 
partially dehydrated at' ordinary temperatures, and that long 
exposure in a mpist atmosphere restores the plasticity. Hence the 
change may be said to be reversible. * 

The experiments reported by J. S. Laird and R. K. Geller* on 
the rehydration of clays that had been calcined to temperatures of 
at least 700° C. are worthy of note in this connexion. 

S. Satoh* has studied the changes which occur when Japanese 
kaolinitc is heated over a range of temperatures extending from 
100° to 1400° C. In the initial experiments he used an apparatus 
similar to that described by earlier research workers, but finally 
adopted a differential method. As the furnace containing the 
kaolinite was heated, the temperature of the sj)?!cimen was compared 
with that of a substance assumed inert, such as quartz sand. 
Minor endothermal and exothermal changes occurred up to 100° and 
at 100°-300° C. respectively. Further endothermal changes were 
noted at 4S0°-050°, and'again at 650°-700° f!., whilst exothermal 
changes were indicated at 950° and between 1200° and 1300° (!. The 
author is of the opinion that the kaolinite is dehydrated between 
450° and 660° C., and that the change observed between 650° and 
700° is the result of the dissociation of the anhydrous kaolinite into 
free alumina and silica. The polymerisation of alumina occurs at 
950° and amorphous sillimanih is formed between 1200° and 1300° C. 
In support of these assertions he points out that kaolinite becomes 
isotropic above 900°, and that there is a marked inorea.se in refrac- 
tivity between 1200° and 1300°. Mis conclusions as to thedormation 
of sillimanite are 'iomewhat contradictory, since, in his opening 
remarks, ho 'states that the formation of sillimanite begins near 
1400°. Sillimanite has been positively identified in clays not 
h((ated to such temperatures as those indicated by Satoh. As 
W. M. Washburn pointed out in the discussion, quartz cannot be 
regarded a^an inert substance, since it shows a definite endothermal 
change at 575°. Hence, any conclusions regarding possibfc changes 
in kaolinite in the neighbourhood of this temperature are invalidated 
if a differential method of comparison with the behaviour of quartz 
be the basis of the experiment. 

Radical alterations in the methods of preparing china clay are 
described in a recent review o^the subject.’" The Clayey suspension 
is removed from the opdh workings by electrically-driven centrifugal 
pumps, thus rendering obsolete the button-hole launder, Cornish 
pumps, etc. Cone-shaped sand settlers arc replacing many of 

“ Ann. liepts., 1920, 5* 208. 

" J. Amer. Ceram. Soc.^ 192K 4, 182 ; J., 1921, 259a. 

“ China Clay Trade Jiev., 1921, 2, 740. 
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the older rectangular sand drags i The cHieioncy of the clay 
drying process is likely to he increased if the exijeriinents 
with gaseous and oil fuels now in progress on a works scale 
are successful. ' 

According to A. S. Watts,*' chalcedony may. be substituted 
for flint in whiteware bodies. Treated in a similar manner to flint 
as regards calcination etc., the material would appear to bo a 
suitable ingredient where the usual flints are unobtainable. 

R. TweUs and (!. (k Lin have made an exhaustive study of the 
effect of replacing free silica in porcelain bodies by zirconia and 
alumina. The type of jiorcelain devclojjcd by them appears 
to be very .suitable for electrical insulators. Zirconia lowers the 
maturing point of the body and greatly increa.scs the resistance 
to rapid thermal changes. Alumina lengthens the firing range, 
thus giving stability;' but increases the liability of the finished 
priduct to rupture when subjected to rapid alternations of tempiua- 
ture. The results as regards the effect of the two materials on 
dielectric strength and toughness arc inconclusive. Confirmation 
of the above data relating to zirconia is found in a later report by 
R. F. GeUer and B. J. Woods,'" who extended their experiments 
to include rutile, thoria, and zircon. A scries of poroelain bodies 
were made up, in which these materials were used to replace flint; 
the amounts used ranged from 27 to 49%, with a simul¬ 
taneous decrease in felspar content of from 2!< to 6%, in 
every case the proportion of clay remaining constant. Additions 
of rutile and thoria cause the body to have undesirable jirojKuties, 
without any corresponding increase in mechanical strength or 
resistance.' to spalling. Zirconiia behaves excellently, and is un¬ 
doubtedly a desirable constituent in the tyjie of bf>dy under review. 
On the contrary, zircon is unsatisfactory, both from* a manu¬ 
facturing standpoint, and also as regards desirable quabjiics m the 
finished goods. 

The work reported in last year’s summary on the production of 
“ low-fire ” porcelains has been carried a stage fur'ther by T. 
Hertwig,*'* who has compounded a scries of bodies in which he 
varied the molecular proportions of the different basic oxides and 
also the acid ratio in relation to the total RO oonttmt. He concludes 
that a high potash content, coupled with a correspondingly low 
acid ratio, gives the best results. Reference is made to the “ greasi- 
ness ” whjch is common in porcelains with a high silica content. 
This defect has received considerable attcnt'bn by other ceramists— 
notably Seger. 

“ Brick Cla^ Rec., 1921, 59, 583. 

•“ J. Amcr. Ceram. Soc., 1921, 4, 195 ; J., 1921, 2G0a. 

'» IbU., 1921, 4, 842 ; J., 1922, 10 lA. * 

» Spreclisaal, 1921, 64, 11; J., 1921, 148a. 
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G. Farrant"* adv(K!at(ia thu application of closed-circuit cylinder 
grinding to the preparation of ceramic (body materials. Most of 
the figures accompanying the ])apor refer to the grinding of heavy 
mineral products ; the author, howc^ver, recogniR(!s the fact that 
the pottery rganufacturer requires a totally different quality of 
fineness from that which applies co industries for which it is 
sufficient if a matc^rial ])asses a certain sy)eoified lawn. In the 
case of flint, stone, felspar, (dc., used for ceramic bodies and glazes, 
there must be a definite grading of the ])articles, particularly 
tho.se ranging betwecin 0-01 and ()-()(i3 mm. in diameter. It is 
claimed that, by the u.se of a Hardinge conical (iylindcr in circuit 
with a .suitable hydraulic classifier, any predetermined grading 
can be obtained. The iminciples involved in the use of continuous 
ball mills of various ty})es have been discinssed previously, and 
there is no doubt that conical ball mills are r'lost iffiicient mechani¬ 
cally. The particular classifier mentioned by this writer is of the 
ladder conveyor type, but in the subsequent discussion doubts 
were raised as to its suitability for the purpose. Considering the 
tendency'of cylinder-grdand materials to set on standing, there is a 
distinct possibility that these fears may be well-founded. Probably 
a much simj)ler tubular hydraulic .separator could be designed, which 
would give better results without the elaborate machinery involved 
in the type suggested. The author states that a Dorr classifier has 
been ordered for use in a pottery mill, so that the publication of 
precise data may perhaps be expected later. The closed-circuit 
system will require considerable modification Ixifore it can be 
used for the grinding of jiottery glazes, containing varied projjortions 
of hard, glassy fritt, relatively softer materials, e.g., jjtonc, flint, 
and also lead com])ounds with a i&ueh greater specific gravity than 
the remii.imng ingredients. 

B. Mopro,'* in a paper dealing with the question of grain size of 
body materials, enqihasises the fact that, in certain instances, the 
physical conditidh of the materials is of greater importance than 
the chemical composition. The laboratory grading tests are 
generally carried out in a Schdne elutrkitor, Schulze* funnel, or 
modifications of these appliances. In any case, the quantities 
dealt with are small, and the risk of experimental error is such that 
skilled operators are essential. Furthermore, the time involved in 
carrying out a test renders the results in many cases of little practical 
value. The works elutriator described by the>iauthor appears to 
be simple and highly* efficient. A pint of slop material can be 
elutriated, and the result of the test known within four to six hours, 
and this without the superyision of an expert operator. In the 
concluding portion of this paper the principles nnvolved in the 

Pottery Gazette, 1921, 48. 1796. 

'« Trans. Ceram. Soc., 1920, 20, 112 ; J., 1921, 771a. 
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calculation of surface facitors arc djscussod at'length, an earlier 
research by J. W. Mcllor^on the subject being recalled. It has 
generally been assumed that, in a sample bontaining particles with 
extreme diameters of O-Ol mm.-0-06 mm.,dqual weights of particles 
of 0-01, 0-02 .... 0-06 mm. diameter are present^ From obser¬ 
vations extending over a lengthy pericxl, the author is of opinion 
that this assumption is totally wrong ; he argues that if, for instance, 
a sample of flint is ground until 60% is finer than 0-01 mm. in 
diameter, then 50% of the remaining particles will have a diameter 
of 0-02 mm., 50% of the subsequent remainder one of 0-03 mm., 
and so forth. Summarising, he states that, in fine grinding, the 
weight of the finer particles is constantly increasing, with a 
corresponding decrease in the weight of the coarser fraction. Hence 
the surface factor, as usually reported, will be lower than it should 
be. For materials lihely to vary in density he recommends that 
specific gravity determinations should be made and the velocity 
of the water passing through the elutriator adjusted accordingly. 
Continuity of sizes is a subject which calls for careful investigation, 
for, if a definite law could be postulattxl, •liy the aid of 'which the 
proportions of the remaining fractions could be calculated, given 
the weight of one fraction, a great step forward would have been 
taken towards the simplification of factory te.sting methods. 

A. Heath and A. Jieese” submit sorne data concerning the effect 
of the calcination of the flint in an earthenware body. When 
flints used in whiteware bodies vary in the degree of calcina¬ 
tion many troubles may arise if the slop method of mixing 
be adopted. Boulder flints were calcined in two kilns, in one of 
which a maximum temperature of 720° C. was reached in 12 hours, 
the other attaining to a temperature of 1100° i^ 60 hours. The 
specific gravities of the resulting calcined materials were 2481 and 
2-312 respectively, whilst the surface factors of the ground materials 
were practically identical. Two batches of a standard body were 
made up; easy calcined flint was used in one, anfl hard-calcined in 
the other. Distinct variations in firing contraction and porosity 
were noted* and the harder calcined material showed less inclination 
to craze. A simple volumeter was described, bjr the use of which 
indirect estimation of specific gravities might be speedily effected. 
Incidentally it was mentioned that calcined flints occasionally 
exhibit a blue coloration instead of the normal white tint, and it was 
suggested that this defect might be due to the formation of a 
compound kllied to ultramarine. 

Attention is directed by A. S. Watts** to the possibility of defects 
arising from the use of unprecipitated, soluble cobalt stain in white- 
ware bodies. He concludes from his experiments that it is necessary 

" im., 1920, 20, 121 i J., 1921, 771a. * 

>*■/. Amer. Ceram. Soc., 1921, 4, 451 ; J., 1921, 771a. 
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to dissolve the salt in water and precipitate the cobalt by 
the addition of sodium carbonate. ,As a suitable concen¬ 
tration he suggests that ten parts of cobalt sulphate to 500 parts of 
water be precipitated by the addition of 5 parts of the alkali. 
Figures are giyen relating to the quantities required to neutralise 
various weights of ball-clay ; Watts states that, if more than 15% 
of ball clay be present in a body, it is impossible to decolorise it 
completely with cobalt stain. The author claims that the soluble 
decoloriscr may be used for glazes, and suggests that for 100 lb. 
of a normal glaze about 10 oz. of the solution is required to give a 
clear white colour. His conclusions as to decolorisation of bodies 
containing ball clay will bo questioned by English manufacturers. 

The usual methods adopted for dewatering clay slips (filter- 
pressing, evaporation, etc.) are notoriously inefficient. This is 
mainly due to the peculiar behaviour of clayey suspensions. The 
colloidal nature of pottery clays rules out what, in other industrial 
fields, are distinctly economical systems, as, for instance, the 
rotary drum type continuous filter. Centrifuges are unsuitable for 
compounded bodies, oWing to the unavoidable separation and 
grading that takes place in this typo of maehine. Electrolytic 
presses, on the other hand, appear to offer possibilities ; it may, 
therefore, bo expected that the costly experiments now in progress 
will eventually justify the outlay. Meanwhile, modifications of 
present systems, particularly in the adoption of compressed air 
as a means of filling filter presses, are materially reducing mainten¬ 
ance charges, A clothless filter-press is reported,^* but as yet no 
data concerning its Iwhaviour in practice are available. 

High labour costs have, of necessity, directed attention to the 
efficiency, oj( olherwise, of the’various making processes, and 
though tin? published information on the subject is perhaps a little 
scanty, yery real progress is being made. Casting with alkaline 
slips is becoming general in all branches of the’ industry. This is 
particularly notideable in the heavy enamelled fireclay and sanitary 
line, whilst in the manufacture of bone china its advantages aie 
now being recognised and exploited. Multiple moulds are used in 
increasing numbers with good results. Numerous patents have 
been taken out for jollo 5 dng machines, automatic turning lathes, 
and accessories for placing. 

In a valuable paper, A. B. Taylor and E. Ivvine“ publish data 
relating to porosity, strength, and absorbing* power of pottery 
plasters. In connexion with research work on casting under pres¬ 
sure, they were desirous cf producing a mechanically strong mould 
which, while able to withstand the exceptional pressures, would 
yet retain sufficient porosity to give the required ubsorbing power. 

=• O. Frank, G.P. 330,224 , J., 1921, 390a. 

” Trans. Gemm. Soe., 1920, 80, 83 ; J., 1921, 772a. 
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The first series of exjieriments was i|it«igne<l to lU^terinine : (I) tjie 
relation lietween the ainojint of water used to gauge the plasti'r and 
its mechanical strengrti etc., and (2) the I'esult of employing a 1 % 
solution of borax instead of water. It whs found that the borax 
solution acted as a retarder and iwrmitted a larger projiortion of 
plash'r to water to be used. 'Naturally, the resistance to imjiact, 
crushing and tensile strength were increased. The latter portion of 
this pajxw deals w'ith the designing of the moulds w ith reference to 
moulding under pressure ; it was found that those parts w hich 
first become saturated with water take up a thicker layer of clay 
than the remaining surface, consequently greater attention has to be 
paid to variations in thuikness at different jioints. Allen has 
proved that in vacuum casting the design of the mould is all-impor¬ 
tant. Th(^ relation between jiorosity and permeability was also 
noted ; in this coniULViipn it may bo iiointed out tllat the method of 
mixing and pouring would vitally atfect the results. .4j)art from the 
advantages mentioned by the authors, retarded heavier-gauged 
mixtures would undoubtedly prove of great .service in the manu¬ 
facture of such articles as mould-makers’ cfescs, when' sti’iaigth and 
non-absoq)tion are factors of jirime importance. Further research 
along these lines will certainly be of incalculable benefit. 

The drying shrinkage of some shales, fireclays, and ball clays has 
been studied by R, F. Geller.'”* Two-hich cuiees were dried in 
electrically-heated ovens, and in each experiment-the time-tempera¬ 
ture curve was ajiproximately a straight line. In general, his 
conclusions confirm the results of othei’ earlier investigations on 
this subject, and prove that a greatly increased drying rate is po.ssible 
if the moisture is removed as quickly as it is formed. The fact 
that an American ball clay, thohgh containing considerably more 
moisture than an English variety, can be dried more,quickly, 
seemed to cause the author some difficulty. It must Iks remem¬ 
bered, however, that uniformity of grain size tends to increase the 
drying rate; and that these two types of clay differ considerably 
in this respect, has been demonstrated repeatedly in previous work 
on the tensile strength oiAmerican and English clays. 

A paper by A. Bigotembodies the results ^f his observations 
on the loss of weight and linear contraction of kaolins and other 
clays during drying. He states that contraction ceased before 
the clay reached constant weight, and concludes that a portion 
of the added water combines with, and therefore increases the 
volume of, the colloidal particles, the remaiidor merely serving to 
fill in the interstitial spaces. Evaporation of the “ colloidal ” 
water must reduce the volume of the ,mixture, whereas the loss of 
the intervening Vater has no effect. 

“ J. Amfr. Ceram. Soc., 1921, 4, 282 ; J.» 1921, 390a. 
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Tho need for international* standardisation of testing methods 
as applied to ceramic products is still farther emphasised by the 
reports issued during 1,921. This lack of uniformity among tho 
records renders it unnecessarily difficult to correlate the available 
data. I , 

China clay producers have an agreed standard of colour, by 
which any new samples are graded, the price varying dirrsctly 
with the purity of thi! colour. Ostwald’s colorimetrie scale, 
described by W. Funk,-^ would bo a suitable one for such 
standardisation purposes. 

Many methods have been proposed for the measurement of 
translueeney. R. Fournier-* approaches the subject from a dis¬ 
tinctly no\'(d standpoint ; he tak(!S advantage of the fact that the 
resistance of a selenium plate located in an electric circuit varies 
directly with the amount of light it receives. In his instrument 
tho personal factor is (mtirely eliminated, since the measurements 
bear a ])ositive relation to the translueeney of the sample. Ho 
claims, further, that, w^th slight modification, the instrument can 
be arranged to measure the retlecting power of any surface. If the 
apparatus described by Fournier could be modified so as to measure 
the translueeney of porcelain and the reflecting power of pottery 
glazes, it would be of great service; t,o the ceramic industry. 

An improved machine for the measurement of rc.sistance of 
porc(!lain bodies to impact is accredited to E. Rosenthal and F. 
Singer.**’ 'Phe instrument is f)f the pendulum-hammer type, and 
is giving consistent results. From the description, it appears to 
be a modification of an Izod impact tester, as used in the engineering 
industries. , » 

The study fA porcelain bodies lends itself to the use of ternary 
graphical rfproseiitations, and in a dissertation by V. Pfaff and 
M. Don«th*' a useful method is outlined. By the use of superim¬ 
posed triangles the relation between materials, body mixtures, 
etc. and the theoretical clay, quartz, and felspar contents, can be 
seen at a*glance. 

H. H. Sortwell*’ reports the results of Ifls work on thfc solubility 
and fusibility of alkaline frits of the type used as a basis for pottery 
glazes. He indicates clearly and coneLsely the limits within which 
frits may be successfully compounded from fused borax, felspar, 
and lime. The effect of the latter constiluenit in decreasing the 
solubility is decidedly marked, though none of the ternary mixtures 
examined had a reaily high solubility. The determination of 
the deformation point was difficult owing to tho peculiar behaviour 

Der, (Jcutfi. Jeerom. Ocfi.. 2, 39. 

Paper, Fob. 9, 1921, 32 ; J., 1921, 343a. 

Ckem. Zmtr., 1920, 90, IV., 675. 

-* Ber. detUs. kcram. Oes., 1920,1, 21. 

” J, Amer, Ceram. Soc., 1921, 4, 446 ; J., 1921, 772a, 
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of the high-borax frits. Possibly fche results would have been 
better if each of the mixtures had been previously melted, and 
the deformation points then determined dh the fused material. 
Further research by the author would be welcome, particularly 
if he could establish a law governing the deformation point and the 
viscosity of glaze frits. 

The same author-* has investigated the relation existing between 
the bases, alumina, and silica in the production of high-fired porce¬ 
lain glazes. Using a con.stant RO content he varied the molecular 
proportions of silica and alumina within wide limits. The experi¬ 
ments prove that the alteration of the silica content has a more 
pronounced effect upon the range within which good glazes may be 
expected than is the case with alumina. The effect of increased 
temperature on each of the glazes is well shown by the diagrams 
accompanying the paper. At cone 10 there is a large area of 
crazing glazes and a smaller area of bright glazes. At cone 12 the 
former has decreased, whilst the number of bright glazes has 
increased. A few of the glazes were “ bubbly " at the higher 
temperatures, particularly when fired to cones 14 amf 10. The 
value of the work is enhanced by the author’s method of illustrating 
his conclusions graphically. His charts show that the deformation 
eutectic axis commences at a oqmposition of approximately 20% 
clay, 10% flint, and 70% fluxes, and lies between the high “ gloss ” 
axis and partially within the actual crazing area. Previous experi¬ 
menters had reported glazes which crazed when over-fired, and it 
is interesting to find additional confirmation of this in the paper 
under review'. 

A writer*'" reports the possibility of using bog iron ore as a glaze 
for roofing tiles, and further suggests that, with slight mollifications, 
the material can be used as an engobe for facing bricks afnd terra¬ 
cotta. . < 

A. Bigot calls attention to a peculiar defeci^ occasionally met 
with in once-fired coarse pottery. Under certain conditions the 
glazed surface appears to be dull and immature. He indicates 
that, wheh this occurff, the clay contains abnormal quantities 
of a dark material which has a distinctly .sulphurous odour; 
he assumes that the trouble is duo to the presence of basic sul¬ 
phates, formed by the reaction between the sulphurous fumes 
given off by combustion of the dark material and the basic oxides 
in the glaze.. He'argues that if this wpre the case, the carbonaceous 
and sulphurous matter must be burned out*at temperatures below 
that at which reaction with the glaze constituents could take place. 
By a critical study of the time-temperature curves he found that 

Ibid., 1921, 4, 718 ; J., 1921, 891a. 
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slower firing in the initial silages invariably gave better results, 
thus showing that his original supposition was justified. 

S. Suzie has pro’dijiced a bright red enamel by carefully 
heating to 700° 0. mixtures containing 80-90% of cadmium 
sulphide and 20-10% of selenium. He suggests that a sulphide, 
which may be represented by the formula CdjSeSz, is formed 
during the process. 

Earlier work by Koenig is referred to in a note on the application 
of the leucoscope to pyromotry, by J. G. Priest,“ who describes 
an instrument which, he claims, is capable of measuring the intensity 
of colour, particularly the red series, and thus might bo used as an 
optical pyrometer. The personal factor, however, already a 
drawback to certain optical pyrometers, is still present in an 
instrument such as that described. , 

It is generally recognised that thorough mixing of the clay and 
grog is essential to the production of satisfactory saggars ; the 
method adopted by F. K. Ponce’* in the preparation of saggar 
mixtures is therefore worthy of an exhaustive trial. In this process 
the required amounts of the two materials are weighed out in a dry 
condition, fed into a rotary mixer similar to those used for concrete, 
suitable quantities of water being added after mixing, and the whole 
mass then well pugged. It may hero be noted that W. K. Brownlee 
and A. P. Gorton '■'* condemn the use of this typo of mixer, since 
there is a tendency, in their opinion, for the materials to become 
separated by the rolling motion. 

G. iSimcoe has previously ** published several important papers 
on the production of saggars. His latest work** has been on a 
somewhat wider basis, inasmuch as it takes the form (S a review 
of the saggar^siij.dion in America. A very comprehensive ques¬ 
tionnaire* was issued to about thirty factories engaged in 
various branches of the ceramic industry, and the published data 
may therefore be, said to be representative of modem American 
practice. A broad view of the subject has been taken, so that the 
personal factor is not strongly emphasised. The writer^notes that 
a number of firms are introducing from lO’to 30% of carborundum 
in the saggar mirture. It is reported that increased tensile 
strength is obtained if a portion of the added water is replaced by a 
smaller quantity of sodium silicate. It is claimed that jaw crushing 
gives a better quality of grog than pan grinding, but it may be 
pointed out that the particular factory which furnished this infor¬ 
mation does not inclitde any fine grades in ite saggar mixtures, 

” J. Chem. Ind. Japan, 1921^ 24, 252 ; J., 1921, 390a. 

” J. Opt. Soc. Amer., 1920, 4, 448. • 

“ J. Amer. Ceram. Soc., 1921, 4, 459 ; J., 1921, 771a. 
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so that the improvement may be due to increased output of the 
particular sizes required,“rather than to a’iiy alteration in the shape 
of the grog particles. Ro-pugging is considered to bo indispensable 
by the majority of the firms contributing to the review. Cast 
saggars are now in use, with, and without carborundum, and are 
apparently giving every satisfaction. A chart showing the relative 
costs of saggais containing carborundum as compared with the 
fireclay-grog type is instructive, for, assuming that the life of the 
former type is thi’ee times that of the latter, it indicates clearly 
that in America the carborundum saggar is decidedly the cheaper. 
Summarising, the author suggests that more information is needed 
before the data can be properly correlated. He is particularly desirous 
of securing more detailed statistics relating to carborundum, and 
points out that factors other than the low coellieient of exjmnsion 
must operat(*. Simcoe considers that, in view of the increased 
capital outlay, greater attention will be paid to the mi.\ing, making, 
and drying and firing processes, and thus some of the resulting 
benefits may not b(^ due solely to any inherent qualities of the 
mixture. It may be suggested, however, that experiments 
with super-refractories appear to indicate that carborundum saggars 
would have a high mechanical strength and also be v'cry K'sistant 
to crushing strains at high temperatures. Economies in fuel 
consumption may also Iks reasonably expected, considering the low 
specific heat and high thermal c()n(luctivity of this material. 

Reference is made to carborundum in B. J. Moore’s valuable 
contribution, Notes on Saggars.’’” This report is interesting, 
inasmuch as the author discards fireclay entirely, using china clay 
as the refi'actory material, andi ball clay as the binding medium. 
(Incidentally, it may be noted that M. K. Homung,” among others, 
has reported the use of similar clays for this ])urpose.) At tempera¬ 
tures approaching cone 1), Moore uses a mixture containing three 
parts of china clay to one of ball clay ; for loy'er temiieratures a 
larger proportion of the binding clay is nece.ssary. Various propor¬ 
tions of carborundum or fused quartz were mixed with the clay 
base, these materials tnus replacing the normal grog. The plant 
available for the preparation of the mixture was admittedly 
inefficient; the author considers that better results could be 
obtained with correctly designed methods of preparation. Largo 
batches of both types were prepared, but owing to the slightly 
reducing action experienced in the tchina biscuit oven, together 
with the exceptionally high capital outla^ on carborundum, his 
latest trials were limited to mixtures of fused quartz and clay. 
Sound saggars containing fused quarts, which had been fired twenty 
times to cone 9, were exhibited by the author, while others, used to 

““ Trans. Ceram, Soe.., 1920, 80, 93 ; J., 1921, 771a. 
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cone 3 for liO—40 llring.s, were^n an e(£ually good condition. Special 
attention was drawn to the. general cleanliness and freedom from 
slag spots, which in owlinary practice are liajile to contaminate the 
bedding material. A marked difference was noticed when the 
quartz saggars were struck with a hard object ; they gave a “ dead ” 
ring as comparAi wdth tho.se of the fireclay-grog tyjie, a characteristic 
which would be distrusted in general practice, but the author 
states that his best results were obtained with such saggars. 

In the discussion which followed, it was stated by t!. Hailey 
and H. E. Wood that the results of their experience were not in 
accordance with those obtained by Moore ; they considered that 
carborundum was superior to fused quartz, suiee their saggars 
containing the latter material became brittle, and had to be dis¬ 
carded after comparatively few firings. Later, it was argued that 
this physical change was due to inversions i* the quartz, and that 
the results were analogous to those reported by various workers 
on the deterioration of quartz jiyrometcr tubes. When further 
data become available, it may perhaps be possible to discover 
the cause, of the discrepancic's in the tw'o points of view ; in any 
case, the author is to be congratulateil upon awakenmg interest 
in a subject of groat importance. 

doming to enamelling, mention must be made of a reading list 
with reference to vitreous enami3ling on iron and steel, compiled 
by (!. J. West.“" This list should bi^ of great service bibliogi-axihi- 
cally. 

An account of a new spraying method has made its appearance,’* 
whicli, if .successful, will mark a great advance in enamelling pro¬ 
cesses. In this system, which ajipears to be a modificajiion of the 
“ Schooj),” the powdered enamci is drawn from a container by 
means of dry eomjiressed air or oxygen. The patent sprayer has 
two jets^ one of which conveys the powder, the otluw combustible 
gases, such as hydrogen, acetylene, coal-gas, efc. The enamel is 
fused directly em'to the midal, the intermediate ground coat being 
dispensed*with. It is claimed that enamelled surfaces prepared 
by this process possess greater elasticity .th*® those jiroduced in 
the ordinary way. 

B. T. Sw'celey rexiorts the results of his work on arsenic enamels 
for coxixjcr. The object of the research was to produce an enamelled 
surface similar to watch dials, but in a thicker flayer. The author 
states that, when the wet slushing method ligs to be used, a 
lead-free ground coaj is ilidisxiensable, since lead enamels will 
attack copxier. In all his exxx'riments the dry dusting process 
was adopted. Using base enamels corresponding to the formula;— 

*“ Ibid., 1921, 4, 47. 

*• Sprechsual, 1921, 54, 49Jj. 
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0-40KjO, OlONa^O, 0-5()PbO, O K'AlaO,, OiSBA. 1 •80-2-20 
SiOa, it was found that the trials fractured with each additional 
increment of Si 02 . Other series were tlied, in which B 2 O 3 was 
the variable factor. When present in' molecular proportions 
greater than 0’2 this compound produces matt surfaces. By 
decreasing the PbO and incr.iasing the K.O content, the opacity 
was lowered and the enamel became completely soluble in water. 
There is need for further reliable data relating to enamels containing 
arsenic or bismuth, since for certain purposes they possess very 
desirable qualities, but owing to defects occurring during their 
manufacture, and. in the case of bismuth, arising whilst in use, 
their field is limited. 

Fish scaling, a defect common to enamelled ware, has 
been the subject of a research by R. R. Danielson and 
W. H. Souder.^* They studied tbc elicct of the various fluxes 
used in commercial enamels, and state that cryolite and .soda are 
superior to fluorspar, whilst boric acid gives a poor result. Recog¬ 
nising that the composition of an enamel may be only of secondary 
importance, the authors (ixtended their i;‘.ve.stigations t.) a .study 
of the relative coefficient of expansion of the stock and enamels, 
and the presence of strains etc., in the metals u.sed. They state 
that mechanical treatment of the stock, followed by careful aimeal- 
ing, will cure the defect. This cimtribution is a valuable one, the 
investigations covered a wide field, and the data are carefully 
tabulated. The facts emphasised are that, though the effect 
of coefficient of expansion is important, other factors, e.g., elasticity 
and tensOe strength of enamel, pre.seuce of strains between stock 
and enamel, are to bo taken into account. It is interesting to note 
the analogies in their methods and conclusions with those of 
ceramists who have studied the causes of crazing and jweling of 
pottery glazes. 

The relation of composition of enamels to solubility in acids is 
dealt with by H. F. Staley.He does not consider that 
the alteration in weight of an enamel after immersion ir acid, is a 
criterion of its relative solubility, since in some cases an enamel 
may take up radicles from the acid, and increase in weight, though 
actually it has undergone disintegration. The ‘’author states that 
compounds vary considerably in their behaviour as regards giving to 
an enamel acid-resisting properties, and arranges them in the 
following order of effectiveness :—^AlaO,, NajAlF, (cryolite), NaaO, 
PbO, BaO. The effect of ZrOj and TiCj when substituted for small 
amounts of SiOj was investigated; ZrO^ was found to be the more 
effective, but this improvement in acid-resisting property is offset 
by a tendency to produce excessive chipping and scaling. 

« Ibid.^ 1921, 4, 620 ; J., 1921 891a. 

“ Ibid., 1921, 4, 703 ; J. 1921, 892a. 
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Zirconia is receiving close ifttention by enamellers interested in 
opacifiors other than tin oxide. In stjveral instances brought 
to the vi^riter’s notice 'bsfsc enamels similar *10 those found to be 
satisfactory when tin oiide is introduced have been used. This 
procedure is, in^any cases, unsound, since modifications will have 
to be made if the maximum opacity ^d whiteness is to be obtained 
from a minimum amount of zirconia. 

Buildino Materials. 

The general properties of a large number of early English mortars 
of the Roman period have been investigated by W. J. Dibdin.*® 
He found that the ancient mortars have a higher percentage of lime 
and larger-sized aggregates than the modern types. This report 
is more interesting than informative. 

H. H. Sasche “ reports the preparation* of a new anhydrite 
mortar; he claims that with fine grinding a very hard, cementy 
material is iiroduced, particularly when 1-3% of lime or Portland 
cwnent is added. 

In preparing a plastic gypsum plaster, aooordmg to W. E. 
Emley the grinding is carried out without the evolution of water. 
This method is said to give a compound which sots harder than 
ordinary gypsum. The plasticity «f the product depends upon 
the duration and speed of grinding, the best results being obtained 
when the material leaves the mill with a watei content of 6‘2%. 
T. W. Eappon,'** in a criticism of Emley’s work, points out that the 
effects of fine grinding wcri^ already well-known and understood; 
and ho makes reference to a previous paper by himsoH on the same 
subject. Grinding, after calcination, he says, is stricijy limited 
by economical factors. He considers that “ mass action ” is 
enhanced^ by 4ne grinding. Furthermore, he assorts that though 
water is ground out by excessively fine grinding, the 6'2% of 
water, mentioned by Emloy, is not necessarily tlft; result of special 
grinding, but is aifigure depending on the degree of calcination. 

A suggestion is put forward by W. E. Emley and C. F. Faxon " 
for the preparation of a coloured wall plastgr. Wood fibre, soaked 
in aniline dyes, is incorporated with a gypsum plaster, which is 
then applied in the usual way. The setting can be retarded by the 
addition of lime and clay. 

A new “ wot ” process for the preparation o| lime is indicated 
by N. C. Rockwood.** In the presence of 'vater yapour, limestone 
dissociates at a lower J^mperature than it does in a dry atmos- 

« Trans. Faraday Soc., 1921,17. 

** Tonind. Zeit., 1920, 44, lOy. 

•' Chem. and Met. Eng., 1921, 24, 740 ; J., 1921, 849a!* 

“ Rock Products, 1921, 24, 19, 49. 

*’ V.S. Bureau of Standards', Tech. Paper 181. 

“ Rock Products, 1921, 24, 19. 



244 


Ul!lt»OllTf* of THIS I'BOOnES^i OF APPLIED CHKMISTKY. 


pjiore. Sloani combines with carboA (iioxidc to form Jiot carbonic 
acid, which rajiidly (iisintcgrates the stone, and calcium bicarbonate 
is produced, whicii has a greater volume tl\an the underlying stone; 
consequently strains are set up, sufficient to disintegrate tlie mass. 
Herzfeld’s experiments on the effect of superheated steam on lime 
burning are referred to. The fact that lime, burned with wood, 
hydrates very readily apjiears to he due to similar causes. Water- 
gas also acts in an analogous manner. It rn.ay be questioned, 
however, whether calcium bicarbonate would bi^ present for a 
sufficiently lengthy period to act as suggested. 

Attention is drawn by the IT.S. Bun^au of Standards “ to the 
corrosive (ffiect of cenumt redarders containing chlorine compounds, 
e.g., calcium chloride, on steel or galvanised reinforcements. Labora¬ 
tory experiments conducted by the National Lime Association 
cmiffiasisc the fact (previously notiBl as the result of field trials) that 
an addition of of hydrated lime to inotrar and concrete mixes 
prevents the (Mirrosion of the nudallic reinforcements. 

Laboratory tests carried out by K. Griln })iove that when 
alkaline concretes are worked sufficiently to reduce jiorosity to a 
minimum the liability to rusting of the steel rcinlorcements is 
considerably diminished. The, author observes that the reinforce¬ 
ments remain unaffected in concrete compounded from slag cement, 
Portland and iron-Portland cement. 

The effect of storage on the properties of cements has been 
studied by D. A. Abrams. A number of concrete cements were 
stored under varymg conditions—in the open and under cover— 
for certain periods. Compression tests showed that exposure 
under an open shed had a very marked influence ; after one year 
the material had retained only 61% of its original strength, this 
being reduced to 40% after exposure for a further twclvi^ months. 

P. H. Bates and li. N. Young have given their attention to 
plastic magnesia cements. They covered the iwhole field rather 
exhaustively and collected a mass of data, many of whicji, however, 
are inconclusive. The material used, which w'as the crystalline 
magnesite from Washington, was sieved into three grades before 
calcination, each grade being uswl separately.’ Whilst the differ¬ 
ences between the results of the tests for the various grades were 
not great, the finest material, through a fiO’s lawn, gave 
slightly better results than the coarser sizes. The authors state 
that great economies in the use of mrgnesium cements, calcined at 
low temperatures, may be effected by using the more highly- 
concentrated solutions of magnesium chloride ; increased quantities 

( 

Cement aiul Eng. New,% 1921, 33, 21. 

Etahl u. Eisen, 1921, 40, 577 ; J., 1921, 472a 
“ Cenient and Eng. News, 1921, 33, 29. * 

“ J, Amer. Ceram. iSoc., 1921, 4, 670; J., 1921, 848a. 
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of a weaker solution will nof load to the same result, thus each 
material should bo tested with various strengths of solution above 
and below the usual 25“^^. if the best rosuM are to be obtained. 

Discussing tentative tests of oxychloride cements, M. Y. Seaton'’’ 
suggests that change in volume, time of setting, and jiertnanence 
are of greater importance than compre.ssion or tensile strength 
determinations. With regard to the action of lime on magnesium 
oxychloride (’Oinents, the same writer,’* in (conjunction with 0 . B. 
Hill and L. C. Stewart, describes a method of determining the 
amount of harmful or “ actiie ” lime in the compounds used. 
They conclude, however, tliat, at pres(cnt, physical tests of oxy- 
chlori(l(c cement.s are tin' only sah, (riteria of cpiality. With regard 
to the action of tannic acid on concrete, D. A. Abrams” has stated 
that this comjxmnd reduces the tensile strength, the effect being 
very marked on l((an concrete with large aggregates. It was noted, 
howeveu', that the decrease! was not so marked in the specimens 
that, had been stored from one to two years. 

The elleet of hydrate^ lime and other powdered admixtures in 
concrete has beem studied in some detail by T). A. Abrams.” His 
chief e,onclusion.s are that: the addition of liydrabH lime to concrete 
reduces the compressive strength t(i an extent almost proportional 
to the amount added : for the usyal concrete mixtures the average 
rediKition in strength is for each 1% of hydrated lime added, 

whilst under the same conditions the addition of 1% of cement 
inen'ases the strength of the concrete by about 1 % ; with a constant 
(quantity of mixing w'ater in I : 4 and 1 :.') mixes, hydrated lime 
shows an increase in strength of 0 -(>l% for each l“/o added, as 
compared with 2-37% for each 1 “/n.of Portland cement; *and under 
identical condj^io the addition of either hydrated lime or Portland 
cement iffi to 33'^. produces essentially the same effect on the 
‘‘ flow ” »f concrete. 

A ferriferous ngglomerant, capable of replacing either iron- 
Portland of ordinary Portland cement, is deseribf’d by F. Ferrari.” 
Impure limestone, clay, sand, and ferric oxide—the latter obtained 
by burning pyrites—are employed to prdduce a cement that is 
said to be stable t wards chlorides and sulphates, and to contain 
a nigh percentage of hydraulites. If the high basicity of the 
cement be modified by the addition of puzzuolanic substances, the 
resultant product is absolutely impermeable arid possesses a high 
mechanical stnmgth as compared wdth ordinary P^irtland cement. 

“ Clum. and Met. Kmj.. 1921, 25, 2:!3 ; J., 1921, 0.59a. 

Ibid., 1921, 25, 270 ; J., 1921, «.59a. 

“ Proc. Anar. Sm:. Testing \lal., 1920, 20, 111; 7, Structural 

Materials Res. Lab., Lewis Inst., Chicago ; J., 1921, 180a. 

” Ibid., Hull. 8 ; J., 1921, 814a. 

” Uiorn. Chim. Ind. Appl , 1921, 3, 63 ; J., 1921, 260a. 
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Ferro-concrete is proposed as a suitable material for the construc¬ 
tion of by-product coke-oven plants,®* particularly in the construc¬ 
tion of washeries, coal bunkers, and fouridations to the benches. 
It might also be employed as a foundation for the sulphate-house 
floor, if covered with acid-resisting tiles. The nmatcrial would 
undoubtedly be less liable to the corrosive action of gases etc., 
but hero, as in the case of all largo buildings constructed of this 
material, it is important to see that the structure is well designed 
in the first place, since subsequent alterations are extremely difficult 
to carry out. 

J. E. Pearson,®* in his study of the cracking of stucco, has supplied 
much-needed data concerning the effect of non-porous forms on 
the setting and surface shrinkage of concrete. Careful observations 
were made on concrete mixes run into (a) wooden forms, 
and (b) plaster of Paris forms. It was found that the resulting 
partial absorption of moisture from the mixtures in the latter type 
reduced the contraction very considerably, thus avoiding the 
production of map-crazing in stucco work., 

Interesting data relating to street-paving with sand-lime bricks 
are reported by H. Jolig.** A careful examination of bricks 
that had been used in a road subjected to abnormally heavy 
vehicular traffic for ten years, showed that they were still in 
excellent condition.* and had only worn down to the extent of 
10-20 mm. 

According to E. C. Blanc and K. Gerson,*’ artificial stone blocks 
are made from bauxite or residues from the manufacture of 
aluminium, together with fat or hydraulic lime, by methods similar 
to those elnployed in the manufacture of sand-lime bricks. Another 
method for the production of building blocks,* suggested by A. 
Wilkinson,** consists in lining the moulds with a granulaf material, 
such as sand, in which the hard objects (pieces of stone, slag, brick, 
etc.) are partly embedded before the binder is ryn in. 

For the manufacture of light plaster of Paris bricks, “* ordinary 
gypsum is used as a binder with the addition of coal ash, sawdust, 
pumice, sand, etc., the proportions depending upon the quality of 
the materials. Satisfactory bricks were luodtfoed by using 1 part 
of plaster, 3 parts of ash, and 1-5 parts of water. The crushing 
strength of the finished article is stated to be 30 kg, per sq. cm. 

Considerable spins of money have been expended during the last 
decade on experiments designed to utilise tl^e spent product remain- 

Gas Worldf Aug. 6, 1921, Coking Sect., 14. 

Cement and ^ng. New$, 1921, 33, 37* 

.»» Tmind. keit., i920, 44, 703. 

»> G.P. 327,906; J., 1921, 18U. 

« E.P. 163,512. 

•* Tmind. ZeU., 1920, 44, 1259. 
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ing from the distillation of the Scottish oil shales. According to a 
report,®* the problem ha* now been solved satisfactorily. By slight 
modifications of the *s^nd-lime brick process first-class building 
brides are being produced. Special attention is given to the 
securing of iierfect homogeneity of tjio shale-lime mixture previous 
to making into bricks. This departure is of great importance, since 
huge supplies of raw materials are available in positions eminently 
suitable for economical layout and cheap transport facilities. 

With the object of saving fuel, much attention has been given 
on the Continent to the possibility of utilising unfired bricks for 
building purposes.*® Raw bricks have boon tested for resistance 
to compression, and it was found lhat machine-made bricks resist 
crushing strains much better than the hand-made variety. 

The use of silica in wood fillers is reported by F. A. Ingall.** 
'llie form of silica which is said to be an ideal material for this 
purpose is quartz ; it is free from colour, inert, and shows no 
tendency to react with other constituents. Its refractive index 
is near to that of paint vehicles, whilst its crystalline condition 
gives it a small specific surface when powdered. 

A “ cold ” glaze for surfaces such as concrete, stone, brickwork, 
(^tc. is reported.*’ The patentee claims that inferior surfaces may 
bo sprayed with the mixture in order to give them an impervious 
coat, and that the glaze can be produced in any desired tint. If 
the claims made by the patentee are sound, the process would 
appear to offer great possibilities. 

S. Miall “* contributes an interesting report on occupational 
diseases. Medical testimony supports the view thi^t habitual 
hoa<lachcs, Iddnev trouble, and gout may be caused by the inhalation 
of turpqntine vapours, and the author states that many cases 
diagnosed as lead poisoning are really due to this cause. The dust 
usually produced when rubbing down old paintdd surfaces may be 
obviated if the abrasive jiad is moistened with a mineral oil. Atten¬ 
tion is called to the. modern lead substitutes, such as titanium, 
antimony, etc. It is pointed out that tl*oir toxic effects will be 
almost as injurious as those of the load compounds they are intended 
to replace. 


('ekamic Fikino Technique. 

As is pointed out on p. 228, much attention ims been devoted 
during the past year to firing methods in the ceramic industry, 

British (Uanvjorker, 1921,^0, 224. 

Hev. Mat. (Umstr. Trav. Pub., 1921, 136» 12b (March 12). 

Rock ProducASf 1921, 24, [5], 49. 

« E,P. 154,236 : J., 1921* 47a. 

J., 1921, 140r. 
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and to fuel economy generally. It*is therefore deemed advisable 
to devote a special fub^section to this, subject, embracing the 
liring of all kinds of clay products, including refractories. 

In his Presidential address to the Refractory Materials Section 
of the Ceramic Society, Lt.-Co). C. W. Thomas drai^k special atten¬ 
tion to the importance of industrial research, including, among 
other things, the need for a careful study of the economic application 
of fuel and of the closely-related question of the most efficient 
design for kilns and furnaces. 

A problem of some difficulty, which still awaits complete solution, 
viz., the mechanical handling of bricks during the setting and 
drawing operations, has been tackled with some success by K. 0. 
Penfield.®* The machine which he describes is used in connexion 
with a Hc^ove kiln. Prom 750 to 1000 bricks are plactal at one 
operation : the uniform sjiacing achieved assists in attaining a 
succes.stul burn. Drawing is effected by the same machine, the 
bricks being picked up in the same order and jiliieed on trucks. 
The greatest drawback attending the us* of seine, kilns, is the 
excessive labour costs, and in this connexion the invention is 
undoubtedly an important one, but it would appear to be applicable 
only to very large kilns. 

Tn a detailed report W. W. IKckmson’” describes a scove kiln 
which possesses unusual features. The kiln is situated hi a large 
shed, into which is fitted a powerful travelling crane. Two brick 
walls or necks are built up, vitrifiablo cement being used between 
each course, so that a monolithic structure results after the first 
firing. Green bricks are built up in the usual mamier (but without 
casing), the fired walls being then removed e.n bloc into position, 
ready for the firing operation. When this is coili))leted, they are 
transported by the crane and placed into jiosition elsewhere, ready 
for the firing of another section. This system must represent a 
considerable saving in labour and fuel, whilst the hum will be more 
uniform, since cold air leakages will be considerably rcejucod. 

In another contribution to the subject of scove kilns, T. H. 
Lambert” deals with tfie “Chicago method” of burning bricks. 
In this process, a portion of the fuel is incorporated in the clay 
mixture, and the bricks are act into position by the Pcnfield machine. 
Air, and oil atomised by steam, are blown into the “ live ” holes 
until “ settle ” commences—this usually after 18 hours. At this 
point a temperature of 1900° F. is rcaofeod at seven courses, 480° F. 
at 21 courses, and 210° F. at 42 courses from the base. The oil 
is then shut off, only air and steam being injected for the next 
26 hours. At t;he expiration of this time the temperatures are 

Natimud Brick Manufrs. Assoc. Report, 1921, p. 113. 

Brick and Clay Rec., 1921,59, 29. 
a Clayworkcr, 1921,12, 244. 
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550°, 1380°, and 1750° F., resfiectivcly. For the final six hours 
air alone is blown in, ancj when the kiln is finished the respective 
temperatures are usuiflljf 400°, 1100°, anif 2000° F. Excellent 
diagrams accomi)any the paper, and from these, time-temperature 
and distance-temperature charts can bo readily constructed. If 
Kentish elay.s are amenabhs to such treatment it ought to be possible, 
by a combination of the foregoing processes, to abolish some of the 
anti({uated and wasteful operations at present in vogue for the 
production of London stock bricks. It is, indeed, remarkable how 
these out-of-date methods still persist in Britiiin, despite the 
wealth of reliable information available eoneeming the specialised 
mass-])roduetion of common bricks in other countries. 

In connexion with the avoidance of unnecessary heat losses, one 
writer’^ notes that it is important for exposed kiln crowns to Ihj 
n'udcred thoroughly waterproof. Layers of (dnd<?rs, grog, clay, 
and, finally, asbestos sheets should be applied to the crow'n, to 
.serv(^ the double ])urpose of jirevcnting ingress of water, and 
at the same time, exc^sive radiation losses during the firing 
ojK'raiioa. 

In a symposium on gas-firing conducted by the Ceramic Society, 
C. W. Spiers” gave some interesting,details of his e-xpcricnce with 
an intermittent kiln encased in ferro-concrete. He claimed that 
considerable economy in fuel is effoeted by the prevention of air 
leakages in such structures. A. Bigot” had already advocated a 
similar jirocedurc for continuous tunnel kilns. 

Aceordmg to a rejiort by K. Ilieke,” twenty-six firms in Germany 
are utilising waste heat from the cooling ovens in their making and 
drying operations, ft should be noted that in practically all new 
eontinuous o,v«4is, .o rangements are made to use waste heat in a 
similar manner. 

The cajtital outlay involved in the erection of.largo continuous 
ovens has led to extensive research on the possibilities of grouping 
existing jicj-iodic kilns, so as to enable them to be worked in a 
semi-continuous manner. The design of ceramic works, however, 
does not usually allow even a limited grouping to be effected 
economically, but ^(iveral promising methods are indicated in 
recent ])atenf literature. 

In intermittent ovens little attention is paid to the question of 
the transfer of heat, since in the relatively latge heated spaces 
filled with ware it is difficult te decide whether conouction, radiation, 
or convection is the nfost important factor. But in the case of 
certain eontinuous firing systems, e.g., the Dressier, it is claimed 

Mat. CariJilr. Trav. Pah., 1921, 136, 12b. 

Tram. Peram. *S’oc., 1921, 20, *16. 

Ibid, 1919, 18, 285. 

Ber. deuts. kcram. Qes., 1920,1, 3G. 
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that the heating is effected mainly by convection currents, so that 
the research reported bj A. H. Davis’* irj this connexion should be 
of considerable value. He shows conclusively that a direct relation 
exists between the geometrical form of the surface of a heated 
object and the convection currents set up. 

C. B. Harrop” publishes data relating to two direct-fired con¬ 
tinuous tunnel ovens, one of w'hich is firing biscuit to cone 10 and 
the other glost to cone 6. They are placed end to end in one shed, 
the total length of the two kilns being approximately 200 yards. 
Relatively small mouths with specially designed coking tables are 
used, the average thickness of the fuel bed being 15 in. The tunnel 
proper is wider at the base than at the top ; this construction is con¬ 
sidered to equalise the temperature inside the tunnel. Hydraulic 
power is used to move the truclcs. The value of H arrop’s contribution 
is enliantted by the fact that it enables a eomi)arison to be made 
between direct and gas-firing as applied to modern tunnel kilns. 
His data coneeming the power required to move the trucks will, 
no doubt, be appreciated by kihi designers. , 

Despite the rapid advance in the application of gaseous firing 
systems to the ceramic industry, many problems still remain 
unsolved. It is true that certain kiln designers and experts have 
publicly stated that any typo of clay product can be successfully 
dealt with. Other technical experts, however, recognise the 
limitations of the newer systems. 

Many interesting points were raised at the meetings of the Smoke 
and Noxious Vapours Commission at Stoke-on-Trent, B. Moore’* 
admitted in his evidence before the Commission that, in certain 
branches' of ceramics, gaseous fired ovens and kilns w'^ere giving 
great satisfaction, but ho stated that, up to the present, extended 
trials in gas firing had not proved successful in the prdduction of 
bone china ; a fprther statement that, in specified firing operations, 
a certain amoxmt of “ necessary ” smoke -was^produced, appears 
to have perturbed the members of the Commission, but there can 
be no doubt that, in the production of certain goods, tlie necessity 
of a deposition of solid carbon within the pores of the ware can 
scarcely be disputed. Moore's observations -are valuable, since 
many ceramists and kiln designers, though well aware of the fact 
that, for certain goods, a reducing atmosphere is necessary during 
certain stages of the firing operations, do not differentiate between 
an atmosphere deficient in oxygen, and one in which the reducing 
conditions are'mainly due to the presonA3 of solid carbonaceous 
matter. C. Bailey’* intimated that a sub-committee had been 


’» Phil. MoS; 1920, 40, B92. 
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appointed by the British* Pottery Manufacturers’ Feder¬ 
ation to make an extenjlcd and scienti&c investigation into the 
merits (or otherwise) of jsontinuous gas-fired ovens and kilns, and 
that eminent gas experts who had gained experience of gaseous 
systems in othor industries had beeijj co-opted on the committee. 
Bailey rightly appreciates the difiiculties confronting the Commission, 
particularly as regards the application of gas firing to the smaller 
manufactories, whose present output does not exceed two biscuit 
and two glost ovens (or even less) per week. 

In his introduction to the symposium on gas-firing *" previously 
referred to, F. W. Smith discusses at length the suitability of various 
industrial gases for the ceramic industry, and emphasises the 
necessity of a regular supply at uniform pressure, specific gravity, 
and calorific value. He considers that the ofonomical application 
of town gas is limited to a few specific cases, tliough the adoption of 
surface combustion principles would probably widen its scope. 
Smith claims that producer gas is eminently suitable for ceramic pur¬ 
poses ; its relative! cost jjer thermal unit is lower than that of either 
blue-water gas or town gas. He also mentions that, in choosing a 
fuel for a producer, it is advisable to w'ork with one type only, rather 
than with a mixture, though in sevt!ral instances the present writer 
has noted bettor results from a crvmbination of 00% coke and 10% 
bituminous coal than from coke alone. 

F. M. Myers** is of the oiiinion that blast-furnace and coke-oven 
gases, particularly the latter, wiO become of great industrial impor¬ 
tance, apart from their use in metallurgical operations, and will 
eventually be available for distribution in bulk in certain areas. 

[n x-iew of the rapid strides the various gas-firing systems 
are making^ liie t xhaustive summary of the causes of thermal 
losses in gas producers by N. F. Ram bush ** is a welcome contribution 
to our kilbwkidge of the subject. He attempts to correlate labora¬ 
tory results witlj works practice, and puts forward simplified 
calculations for estimating the thermal efficiency. His data, 
showing the relationship between the thickness of the fuel bed, 
the rate of combustkm, and the temiJeratilre of the issuing gases, 
are distinctly usef'il. Tlic paper is of great interest and value to 
technical men. 

The advantages and disadvantages of the application of producer 
gas to periodic muffle kilns are discussed in £f lengthy paper by 
F. B. Ortmann.** On the basis of his observations, he states that 
there is little or no fu(3 economy to be gained by the substitution of 
gas for solid fuel. During his remarks on the working of a eoal-fired 
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continuous chamber oven, C. W. Thomas quoted fuel costs which 
arc comparable to modem gas-fired kilns. His figure's, in fact, arc 
lower than those for'many gas-fired installations prfKlucing similar 
refractory goods. He indicates, howiwer, that the advantages 
of the centralisation of tlic fuel supjily in loweringjabour costs, and 
ensuring additional cleanliness, together with the ease of control, 
are such that the introduction of the gas-fired system would repay 
the extra capital outlay involved. 

C. J. Hudsonhas studied the th(!rnial eifieieney of a Dressier 
kiln, burning natural gases, used for firing glasshouse refractories. 
In general, the constructional details wen^ similar to tho.se of other 
Dressier ovens, but special arrangements had been made to enabks 
accurate temperature measurements to b(‘ taken, no less than 
17 ])yronieters havjng been instalkid for this jiurpose. Cross- 
sectional heat distribution was largely governed by the method of 
placing the goods on the trucks. The latter oceujiy eight days in 
passing througli the kiln, the rtdractories varying in weight 
from a few jiounds up to a ton. Cor siiqilar jiieees a ipinimum of 
21 days would be reijuired in an intermittent kiln. If, in a large 
pcrioriic kiln, the rise in temperature in the portion adjacent to the 
firing boxes is such as not to injure the goods in the immediate 
vicinity, then the firing rate in the interior of the kiln will necessarily 
be very slow. When dealing with relatively large units at non- 
uniform temperatures, the firing operations are ((inducted with 
extreme caution to get satisfactory results. The paper is worthy 
of study, in spite of the mass of data on Dres.sler kilns already 
published. 

J. H. ‘ Marlow has patented another modification of his 
gas-fired tunnel kiln. According to the details given of the 
graduated burner,*® a better heating gradient shoulcl be'obtained. 
The patentee claims that the kiln has been fired to l(i(K')"C., and 
that such elevated temperatures are well wiljhin its range. It 
should be noted that the only published data referring to runs over 
a reasonably long period relate to the firing of goods requiring 
much lower temperatufes. 

According to E. P. Henjamin,*’ a tunnel (Vven is constructed 
with external combustion chambers (Jontaining che(piered brick¬ 
work, hot blast stoves with the necessary reversing valves being also 
incorfioratcd in tjie system. This patent appeal's to be an inter¬ 
esting apfilication to ceramic praettee of,firing systems usually 
associated with metallurgical operations. 

** Trims. (Iciiim. Sor,., 1021, 20. 24. 

»■' .7. Atmr. (krmn. f^oc.. 1921,4, 7iil. 

“» E.P. 365,190; .7., 1921, S2a. 

»’ E.P. 140,578 ; J., 1920, 35Ga. 
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(!. 11. ijwonnanii’s iilant "“’consists of adjacent twin tunnels 
operating in opposite directions. Part of the heat is withdrawn 
from the cooling zone t)f one tunnel and palsiwl into the heating 
zone of the other. The liurners are situated near the roof of the 
tunnel, the hot gases being drawn into flues arranged in the bottom 
of the tunnel structure. * 

H. Barkby ** describes a “ I’augeron ” kiln that is working 
successfully in Czeeho-Slovakia for this production of hard porcelain. 
In genorjil the construction is similar to that of the original types, 
but modifications have been introduced with the object of ensuring 
the reversal of the flow of ga,s(w through the system ■ th<^ character¬ 
istic fealuin of all true Paugeron kilns. 

During 1921 several tunnel ovens distinct from the Dressier type 
have been put into operation for tlu^ liring of norcelain, whitoware, 
stoiKware, tiles, etc., and though there are no data published 
there is no doubt that in most cjises they are working satisfac¬ 
torily. A pleasing feature in connexion with tunnel ovens is the 
readiness with which the^intere.st(d parties will furnish any desired 
information relating to constructional details, working costs, etc. ; 
this procedure will naturally lead to increased favour and confidence 
in the tunnel .systems. 

I’or a considerable nundier of yfars the ' Dunnaehic ” gas-fired 
chamber oven has been used successfullyfor firing refractory goods, 
and J, Duimaehie claims that the most eomjilete combustion may 
be expee.ted from kilns in which the combustible gases and secondary 
air are fed directly among the goods, the chandler itself acting as a 
combustion chamber, thus ensuring maximum fuel economy without 
loss of space due to flash walls etc. 

Summarising^ 1 is experience with gas-tired chamber ovens, 
Uichmond states that the use of "perforated candles ” is an ideal 
method oi getting uniform distribution of temperature. 

Of recent years,considerable attention has been devoted to the 
evolution of gas-fired chamber ovens for the production of general 
whiteware,* enamelled fire-clay, glazed bricks, and sanitary goods. 
Th(! underlying principles of the construction of such chamber 
ovens already erected arc similar to those used in the refrac¬ 
tories and face brick industry, with, of course, the modifications 
found to be necessary to meet specific conditions. A number of the 
“Shaw” and “Thompson” ovens are now in Mae, whilst others 
designed by expert ceramic engineers are nearing completion. It 
is to be desired that siftficient data relating to these latest types of 
chamber ovens may soon be available ; their efficiency can then be 

*" E.I>. 140,740 ; cf. 1019, OHOa. 

““ Potteri/ Gazette, 1922, 47, 77. 

Trane. Ceram. Soc., 1921,*30, 27. 

“ Ihid., 1921, 80, 30. 



2S4 


EEPOKTS OF THE PBOBBESS OF APPLIED CHBMI3TBY. 


compared with the tunnel ovens now used for the firing of similar 
goods. 

One of the chief dvawbacks to the mbiv rapid introduction of 
continuous kilns on existing works is the Vack of ground space. A 
report** on a vertical oil-fired continuous oven therefore, of 
interest. According to the wliter, bricks can be passed through the 
kiln in 14 hours, but the actual data published do not warrant 
definite conclusions. A vortical gas-fired continuous kiln, suitable 
for whiteware products, is described by K. F. Chaudierc.** An 
oven has been built for experimental and demonstration purposes ; 
the results of the working of this system will be awaited with keen 
interest, particularly by the .smaller manufacturing concerns. It 
may be noted, however, that the mechanical difficulties associated 
with ovens or kilns of this typo are likely to be greater than those 
met with in horizontal tunnels. 

Further progress has been made in the application of ])owdered 
fuel to various burning processes, notably in rotary cement clinker 
kilns. The experiments described recently** will be followed 
with interest by brick manufacturers, sinde it is claimed* that, by a 
modification of the plant therein de.scribed, the irregular hea ting and 
local slagging of bricks experienced in the initial experiments will 
be obviated. 

Colloidal fuel, mainly an emulsion of heavy mineral oils and finely- 
divided coal, is being tested on a commercial scale for the firing of 
refractories. The results will be awaited with interest. 

The account of a twin tunnel oven designed to bum fuel oil, given 
by P. J. Woolf,** wiU, no doubt, receive the close attention of 
ccramistii The author, however, admitted, during the discussion, 
that, up to the present, the kiln had only been fired by town gas. 
In one respect this is advantageous, for it has been suggested that 
town gas may be economically employed in modem kilns, so that, 
if the running codts of gas and fuel oil on the same kiln are published, 
direct comparison will be possible. Even in cases where fuel oil 
has to be imported, its use will doubtless become popular in certain 
branches of the ceramic industry, e.g., in fritt kilns etc. 

A number of gas furnaces embodying surface combustion princi¬ 
ples have been patented during late years, ana from the available 
information (in most cases published by the furnace builders) 
it would appear tjiat their application to specified industrial firing 
operations has been a success. Very high fuel economies are 
claimed for the system; theoreticillly, (if course, these results 
are to be expected. It is to be noted, however, that the system 

** Anon., Srici and Clay Bee., 1921,5S, 391. 

»» E.P. 137,168 ; J., 1920, 179a. 

*1 Briek and Clay Bee., 1921, 59 , 686. 

Pottery Gazette, 1921, 46 , 1646. 
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applied to other industrial heating operations has not fulfilled the 
earlier promises. ^ 

In certain areas for. etonomie reasons wood fuel is used in 
preference to coal for thft firing of ceramic goods. It is natural, 
therefore, that ^ince wood has been gasified and the resulting 
gases successfully used in other industries, the possibilities (5 
applying similar iJiinciples to pottery firing are being explored. 

In a discussion on gas producers with wood fuel, F. de Groote*' 
claims that ceramic products can be successfully fired by means 
of gas generated from wood, and that the results are at least equal 
to those obtained with gases generated from other fuel. 

The firing temperatures attainable with wood have been investi¬ 
gated by H. Sachse,”' who discusses the theoretical considerations, 
particularly regarding the flame temperatures, after allowing for the 
elimination of the moisture m th(! wood. I> is stated that the 
calorific value of green wood is 2160 cals., giving a theoretical flame 
temperature of 1500° (!., which is reduced in jiractice to 900° G. 
Thus, it is argued, it would be impossible to attain to a sufficiently 
high tempei.iture for glost*i)uri)oses (presumably for hard i)orcelain). 

Abnormal conditions may render it necessary to use wood fuel 
temxJorarily, and, no doubt, many experiments were made during the 
war ])eriod at isolated factories far iVmoved from the coal areas. 
W. Lindley”" reports the result of such a trial carried out at a 
pottery hi Spain. In a Faugeron tunnel oven wlucn was being fired 
with wood, the only structural alteration found to be necessary 
was an enlargement of the fire mouths. The quality of the goods 
was equal to that produced by coal filing, and, as was to be expected, 
the atmosphere in the tunnel was practically free from sulphurous 
fumes. It was idso noted that the flues did not choke so readily. 
Lindl(-,y reports, nowever, that the saggars were adversely afrccted, 
their length of service being considerably shorter than was the case 
when coal fuing was in use. A similar defect was ndted by A. S. W. 
Odelberg,"® who used two-thirds coal and one-third wood for the 
firing of intermittent ovens. With only this partial replacement 
the author states that the saggars were ‘‘ scorphed ” and the break¬ 
age percentage considerably increased. 

It was anticipated that electricity would become a serious com¬ 
petitor in certain industrial firing processes, where the temperatures 
are sufficiently low to permit the use of resister windings, and C. M. 
Mehling and J. W. C'arpentier*““ now give details «f an enamelling 
furnace with an internal capacity of 80 cub. ft., operating on an 

•' Ceramique, 1921, 24, 1. 

” Tonind. Zeit., 1920, 44, 709. • 

"* Tmne, Ceram. Sac., 1921,20, 7.S. 

" Ibid., 1921, 20, 47. 

J. Amer. Ceram. Soc., 1921,4,271. 
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alternating threo-pliaso ourrent, \<hilst L. Baninger"" describes 
an improved form of nichroine ribbon resister furnace,' with a 
pre-hoating ehambei. The figures inchepte that the output is 
increased by 50%, with simultaneous' decnasc in fuel costs 
of 50%. 

Ibiil., 1921,4, 4(11 ; .7.. 1921, 772a. 
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lEON ANT) STEEL. 

By J. H. Andrew, D.Sc. 

Professor of Metallurgy, Royal Technical College, Olasgow. 

The state of the iron and steel industry was regarded as being 
bad in 1920 ; in the past year it has been far worse—indeed, hardly 
in the memory of living man has any year seen the bad trade and 
unemployment that has so eharacterised 1921. 

In his presidential address to the West of Seotland Iron and Steel 
Institute, Mr. Andrew Gray gave the following figures relative to 
the production of pig iron and steel in the United Kingdom. The 
downward tendency of the total output is too evident to require 
comment: 

Production of hg Iron in the United Kingdom. 

(In tTiousands of tons ) 


Month and year. 

lltematitc. 

! 

Basig. 

Foundry. 

Forge. 

7'otal Includ¬ 
ing alloys 
and other 
qualities. 

1920~SeptembeT 

278-1 

251-0 

13-2-0 

48 3 

741-0 

October .. 

103-3 

, 162-8 

10I-.S 

46-68 

533-2 

November 

133 .5 

130-7 

73-8 

36-0 

403-2 

December 

237-1 

202-3 • 

147 7 

58-6 

682-5 

1921—January . 

109-2 

176-2 

165-5 

64-9 

642-1 

February 

171-8 

97-8 

127 0 

41 2 

463-6 

March 

132-0 

89-4 

110 3 

39 8 

386-0 

April 

16-1 1 

7-1 

25-5 

9 9 * 

60-3 

May 

2-8 1 

3-4 1 

6-9 

0-5 

13-6 

•Juno M 

; _ 


. — 

— 

0-8 

July .... 


3-3 1 

2-6 

0-0 

10-2 

August .. 

1 

36-3 : 

29-1 

8-5 

94-2 


* No analysis, but made from two funiaccs* 

1020 monthly average, 667-3. 1019 montbly average, 617-0. 


•Production of Steel in the United Kingdom. 

(In thousands of tons.) 


Month and year. 

^ O.U. furnaces. 

Bessemer converter. 

All other 
ingots and 
castings. 

Total. 

Acid. 

Basic. 

Add. 

Basic. 

1020—September 

329 0 

463 3 

44*3 

35-8 

12-3 

884-7 

October .. 

206-9 

273-0 

34-5 

20-9 

0-0 

544*3 

November 

188 6 

250*7 

30-5 

26'5f 

9-8 

605-1 

December 

272-4 

389-6 

41-6 

33-3 • 

9-7 

746-6 

1921—January .. 

148-2 

V4-4 

34-2 

28-6 

8-1 

493-4 

February 

167« 

258-4 

SI'S 

19-6 

6-5 

483-S 

March 

130-7 

176-9 

27-2 

19-6 

6-7 

859-1 

April 

32-0 

29-6 

5-0 

— 

S-1 

70-6 

May 

1-4 

26 

— 

— 

1-8 

6-7 

Juno 






1-0 

July 

36-6 

^•2 

7-4 

2-6 

• 8-6 

117-2 

August .. 

152-2 

262-6 

14-3 

10-9 

4-1 

434-1 

September 

188-3 

260-9 

_i_ 

5-1 

12-9 

4-0 

430-8 


1020 Monthly average, 764-7. 1610 Monthly average, 668-0. 
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In this country the trouble has drisen chiefly on account of the 
high cost of production, the cost of fuel alone serving to cut us out 
of the world’s markets. As an illustration of this, it might be 
related that it is cheaper to buy Belgian pig, paying freightage, 
than it is to buy from home producers. As the result of this, the 
greater part of our blast furnaces and our steel works are cither 
completely or partially shut dow'n. 

The advent of a new year has, however, with a certain amount 
of reason, given rise to new hopes. One hears every week of works 
that have been closed for some little time opening up again, so that 
whereas the immediate past was bad to a degree, the near future 
is far from being hopeless. 

The result of this slackness in the industry has not only affected 
the financial aspect, but has left its mark in the production of 
scientific and technical advances. One seeks in vain for any 
technical paper of merit concerning the design or operation of 
metallurgical plant. This being so, any review of the work of the 
year must necessarily concern itself almost exclusively with the 
more scientific publications. 

Even in the field of science has this year been unfortunate; 
there is, indeed, a distinct atmosphere of mediocrity peivading 
most of the scientific works. Publications on blast furnace practice, 
steel furnace design, steel furnace operation, and rolling mill practice 
being either wanting or unworthy of consideration, we arc limited 
almost exclusively then to the consideration of the physical pro¬ 
perties and mechanical properties of iron and steel. 

Physical Propeeties of Iron and Steel. 

A. Portevin and V. Bernard' write at some length upon the 
coalescence in steels, meaning the coalescence of the cementito. 
They treat the question with regard to composition of the steel, 
temperature of heating, duration at the high temperature, and 
rate of cooling. Their results are interesting, but in many ways 
self-evident. Is it not natural, for instance, that with a steel 
in which the cement’te is fully coalesced, greater time will be 
required for its solution upon heating above the critical point ? 
The rate of reaction, in which is included rate of solution, will 
naturally bear some relation to the size of the reacting particles. 

The authors a+tempt to measure the magnitude of the trans¬ 
formation point by means of the dilatometer, taking the expansion 
or contraction undergone by the specimen in passing through the 
critical point as being proportional to the magnitude of this trans¬ 
formation. When it is considered that this critical change repre¬ 
sents the sum of two opposing factors, which on cooling are an 
expansion due to the tranrformation of gamma into alpha iron, and 

‘ J. Iron and Steel Inet., 1921,104, 146 j J., 1921, 698a. 
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a contraction due to the carlndo, it will be realised that until we 
have further data upon the magnitude of these separate changes, 
conclusions based on slicli determinations are more or less useless. 

One point in the paper that deserved greak'r consideration than 
these authors gave it lies in the method given for the complete 
spheroidisation of the cementite, which is as follows. This coal¬ 
escence is, in a 0-98% carbon steel, brought about by soaking the 
steel at a tc-mperature of 750° t!. for 25 hours followed by a cooling 
to 650° C. at the rate of 5° C. per hour. In the light of the iron- 
carbon diagram, at a temperature of 750° C., in a steel of the stated 
composition, all the carbide w’ould be in solution. The inferences 
to be drawn arc then (1) that the depression of the Ar3 point by 
carbon is a purely supercooling effect, and that given sufficient 
time, carbide will separate out at a temperature below this change 
point, i.c., 900° C., or (2) that the carbide at a temperature just 
above the cutectoid temperature is in a different state from w’hat 
it is at a high temperature, a suggestion previously put forward 
by the writer.^ , 

Mitchell •* also refers to some extent to the divorcing of the pearlite, 
which reaction he illustiates by numerous photomicrographs. 
Mitchell does not, however, go veryr deeply into the question as 
to the methods used for bringiiig it about. 

In neither of these papers is there any reference to a not uncommon 
fault in boiler plate material referred to by D. Hanson,* and fre¬ 
quently met with, in which the cementite coalesces around the 
grain boundaries, with the resulting development of intcrcrystalline 
weakness. If only these workers w'ould giv e a little more attention 
to such practical problems as these their efforts would be welcomed. 

In a further#paper* A. Portevin points out that the hitherto 
accepted View that tung.stcn has a solubility of 9% in iron is in¬ 
correct, tar as he shows free tungstide of iron may be present in 
a carbon steel eoq};aining as little as 5% tungsten. 

Now, the writer has shown' that tungstide of iron diffuses 
extremely slowdy, even at a comparatively high temperature, and 
when in a fine state of division, so that when It exists in large masses, 
as illustrated by Hartevin's photomicrographs, or in the form of 
needles, an excessively long time would be required to bring about 
complete solution. 

As the writer pointed out in his lecture, this sldw rate of diffusion 
of the tungstide w'as the cause of its value m cpil;ain special steels 
in preventing grain grSwtii. Until the tungsten has dissolved or 

' Ibid., 1920, 102, 527. 

• J. W(^t Scotland Iron mid SHel hut, 1921, 28, [4]. • 

• Trans. Faraday Soc., 1921, 17, 91 : J., 1922, 104a. 

' J. Iron and Steel Inst 19M 104 141 ; J., 1921, T.ITa. 

• Lecture to Sheffield Soc. of Engineers and MetaUurgists, Dec. 12,1921. 
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nearly dissolved in the steel up to its saturation limit, grain develop¬ 
ment does not take plaee, owing to the fact that diffusion will 
absorb greater energy than grain growththe former action will 
therefore take place in preference to the latter. This suggestion 
has, of course, a definite thermodynamical basis to its proof. 

Dealing with the effect of tungsten, one cannot pass over without 
comment a remarkable statement by N. Belaiew’ on Damascene 
steel, in which the author likens a Damascene blade containing 
1-5% of carbon to a high-speed steel. This statement is based 
on the fact that in a Damascene blade the greater part of the 
carbide is spheroidised. It should be pointed out to Belaiew that 
in a high-speed steel the segregated constituent is tungstide of 
iron, and that, moreover, some of the best high-speed steels contain 
none of this compound in a free state, but arc homogeneous. 

An exceedingly valuable and interesting contribution to scientific 
metallurgy is to be found in the paper on the characteristic curves 
of heat treatment of steels by A. Portevin and P. Chevenard.® 
These authors, after discussing the relations between the funda¬ 
mentals of heat treatment, namely, initial temperaturi, of heating 
and rate of cooling, proceed to indicate, by means of very ably 
constructed diagrams, the effect of these two variables upon the 
temperature and magnitude of the critical change or changes. 
To cite one particular case, namely, a nickel-chrome steel, con¬ 
taining carbon 0-5%, nickel 2 65%, and chromium 1-60%, this 
steel shows, according to the initial temperature of heating, three 
definite critical points, one at about 600° G., which they designate 
as Ar', one at about 400° C. termed Ar", and one at about 150° C., 
namely, Ar'". The magnitudes of the transformations at these 
particular temperatures wore determined by means of the well- 
known Chevenard dilatometer. The decreasing magnitude of the 
upper point, and finally its complete depression, simultaneously 
with the increase in the two lower points, were noted, and measure¬ 
ments made of their magnitude, the results, as stated, being em¬ 
bodied in a simple diagram. This contribution serves as an excellent 
example of the application of true theory to practice, especially 
when, as in this case, the Brinell figures are placed in the diagram, 
and it makes a most useful guide to heat treatment. 

Since the compositions of the special steels employed in practice 
are limited to a small number, it would be an excellent scheme to 
construct similax- working diagrams to these for each particular 
composition. The present tendency of tke French workers is to 
employ the dilatometer almost exclusively in the determination 
of the critical points in steel. No one can quarrel with this, for 
the. method a6 a method is undoubtedly good. It is unfortunate, 

’ J. Iron and Steel Inst., 1921, 104. 181 ; J., 1921, 737a. 

• Ibid., 1921,104, 117; J., 1921, 698a. 
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however, that so little attention seems to be given to English work 
on similar lines. For instance, Portevin»and Chevenard," in dis¬ 
cussing the dilatation turves for an eutectoid steel, remark upon 
the period of dilatation consecutive to the Ar transformation, and 
attribute this te the incomplete solution of the carbide at the 
critical temperature. This secondary effect, they Say, was only 
obtained in steel in which the ccmentite had been coalesced. An 
explanation for this phenomenon was given in 1920 by English 
workers.!" wyigt all ie.search work is liable to criticism, one likes 
to sec this criticism made, rather than that the work should be 
ignored. 

In a further paper Chevenard and Portevin’! regard the contraction 
immediately following the dilatation e)f transformation as being 
purely thermal, and cast doubt upon Honda’s “ two martensites ” 
theory. 

In an experimental iiivestigation of the mechanical properties 
of steels at high temperatures,'" E. L. Dupuy has spoilt an excellent 
paper by one important omission. After commenting upon the 
fact that certain experimental work of another was lacking in 
value ow'ing to the small number of determinations, Dupuy himself 
fails to give the number of tests n^ade in his own investigation. 
Apart from this really important fact, the paper and results 
are remarkably interesting. His curves, show'ing the variation of 
maximum stress and contraction with temperature, may be roughly 
divided into two categories : (1) Those in which the carbon is 
below 0-6%, and (2) those in which the carbon is greater than 
0-6%. Steels of Class 1 show a maximum in the region of 300° C., 
both in the reduction of area and maximum strength. The most 
remarkable fcajjar.' is, however, the sudden drop in the reduction 
of area between 700° and 1000° C. In the rolled and treated bars 
containing*carbon 0-15%, this drop amounts to .^0% of its value 
at 750° C. This, gs Dupuy points out but docs not attempt to 
impress, is an indication of beta iron. Indeed, from these results 
alone no one can seriously ignore the possibility of a beta state. It 
is not necessarily to be inferred that beta iton represents an allo- 
tropic modification,* nor is it sufficient to regard it as a purely 
magnetic phenomenon, unless wo associate with that magnetic 
change some distinct atomic or molecular change, which, whilst 
taking place, seriously weakens the metal. In Class 2 some ex¬ 
tremely interesting results ha^je been obtained. There is an almost 
continuous increase in “the reduction of area bctw'een 500° and 
1200° C., excepting for a small break in the curve at about 750° C., 

' Comptes rend., 1921,172, 149& ; J., 1921, 614a. 

J. Iron and Steel Inst, 1920,100, 627. 

" Bev. Met., 1921, J8, 428; J., 1921, 699a. 

“ J. Iron and Steel Inst., 1921,104, 91 j J., 1921, 698a. 
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and another at 900° C. These curves for the higher carbon contents 
clearly show that the sdution of the caijbide and alpha to gamma* 
change have but little effect upon the mechanical properties ; that 
is to say, that no abrupt break in these properties is experienced. 

Whilst commenting upon this question of bet*, iron, reference 
should be made to a short paper by K. Honda,''* in which the author 
shows that the temperature of the Ar2 change is unaffected by the 
strength of the magnetising field. 

Confirmation of Dupuy's work is afforded by the work of 
MaePherran,'* who found that with a 3-5% nickel steel, the maxi¬ 
mum tensile strength is developed at 315°-345° C. The presence 
of nickel, he found, lowered the temperatme of maximum strength 
and lessened the ductility at higher temperatures. His results 
indicate thiit carbide-forming elements, such as chromium, tend 
to strengthen the sfcels at high temperatures. The high tensile 
strength of such steels as rustless confirms this view. 

Roentgen Specteogiiaphic Investigation op Ikon and Steel 
AND THE Space Lattice Theoky. 

One of the most important discoveries of late, years is undoubtedly 
that pertaining to the arrangement of atoms in space, and the 
application of the principles of'Bragg to metallic structures. 

The controversy raging over beta iron received its sudden solution 
in the hands of A. Westgren,''* who showed, by means of the X-ray 
spectrographs of iron at different temperatures, that the so-called 
beta modification was crystallographically similar to alpha iron 
and of a cube-centred configuration. Gamma iron, examined both 
at a high temperature and in an austenitic structure in the cold, 
indicated a face-centred structure. Tlie constitution of martensite 
was also dealt with, and it was clearly shown that in this con¬ 
stituent the iron-existed in the alpha condition. No dirdbt evidence 
was, however, obtained of the structure of tha carbide of iron in 
any of the sections examined, but its constitution was.pronounced 
as being complex. 

In his lecture before the Sheffield Society of Engineers and 
Metallurgists, the writer put forward a suggestion relating to 
the arrangement of the carbon atoms in a quenched steel, which 
was as follows. The hardest steel known may be obtained by 
quenching from above the critical point a plain carbon steel con¬ 
taining 0-66% of carbon. A steel ok this composition contains the 
equivalent of three atoms % of carbon, or 3 mols. of carbide of 
iron in 88 of iron. Taking it that in an unlimited number of cubes 
of iron 4 atom§ are associated with aach crystal of the face-centred 

'■> Ibid., 1921,104, 185; J., 1921, 737a. 

“ Amer. Soc. Testing Materials, June ii, 1921. 

J. Iron and Steel Inst., 1921,103, 303; J., 1921, 392a. 
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type, it would mean that for every 3 mols. of carbide of iron there 
would he 22 cubes of iron, a ratio of 1 to 7'33, or approximately 
1 to 8. The only way li) which such a structure could be built up 
would be by assuming that at the point of contact of the comers 
of 8 cubes ther* was 1 mol. of carbide, which by forcing the iron 
atoms apart, in this manner brought about maximum distortion. 
It seems necessary to assume that the carbide would crystallise 
according to the form of carbon, that is as a tetrahedron ; and that 
if there were to be a homogeneous distribution of the carbide, 
there could not be as many as 4 atoms in contact, or in other words 
that up to a certain concentration the carbide must exist as free 
molecules. When the composition of the (mtectoid— i.e., 0-89% 
of carbon—is reached, the necessary 4 atoms are present, so that 
from that composition upwards it should be possible for the carbide 
to exist in the crystalline form. ' 

It is loiown that with carbon higher than (••80% it is possible 
by quenching from a high temperature to obtain some austenite. 
Austenite is regarded br the writer as gamma iron, in w'hich the 
structure has been stabilised by the tetrahcdronal space lattice 
of the carbide molecules. The saturation value of iron for carbide 
at 1130° C. is equal to 8 atoms % of carbon, which, assuming them 
to exist as carbide of iron, gives 8 atoms of carbon, or 2 tetra¬ 
hedrons for every 68 atoms or 17 cubes of iren, tVystallographi- 
cally the greatest number of tetrahedra that can be built into a cube 
is 2. Since it is, however, difficult to know of the exact arrange¬ 
ment of the tetrahedron in the cube, if we assume that relative 
to each tetrahedron there is but 1 atom of carbon, this then gives 
us for every 17 cubes 8 atoms of carbon, which is rougl.ty as two 
is to one. Thfl ‘ignre 17 is of some significance, since Westgren 
believes that w ith each carbon atom there are associated 17 iron 
atoms. By assuming that the crystaUisation of Jhe carbide within 
the iron structure stabilises that structure, an explanation of the 
greater ease wdtK which the gamma state is preserved becomes 
evident. 

Now with regard lo the property of Hardness, the molecular 
carbide, by forcing apart the iron crystals, thus cau.smg distortion, 
will effect not only a hardness but likewise a deci'casc in specific 
gravity of the quenched steel, by giving an alpha iron in which the 
atoms arc stUl kept apart by the carbide molecules. On the other 
hand, with a higher carbon content, whereas upon passing the 
(ii'itical point the cafbon will in all probability temporarily be 
transformed into the molecular state, upon further heating the 
molecular carbide will force, it® way into the iron space lattice, 
thereby effecting a temporary expansion, due to the crystallisation 
of the molecular form, but 'when once crystaUisation has completely 
taken place the iron wiU expand similarly to normal gamma iron. 
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The fact also that after the carbon has passed the value of 0-89% 
when first the crystalline; modification becomes possible, precipi¬ 
tation of free cementitc above the cutectoid temperature occurs is 
significant. 

The tendency to assume that in all solid solutions the foreign 
metals (that is those in small amounts) must necessarily exist in a 
definite crystalline state is difficult to understand. One has only 
to think of a hypothetical case in which we have but one atom 
of one metal in, say, a ton of another. In this case no equilibrium 
could be possible, for one point cannot be homogeneously distri¬ 
buted over a volume. Working upon this analogy, then, it must 
bo admitted that the first atoms of an clement or molecules of a 
compound must exist in the free molecular or atomic state, rather 
than the crystalline. So that whilst in the case just considered it 
is not to be infcrred*that with each cubic space lattice of iron 4 
carbon atoms must be assumed, there must be at least an equivalent 
of 4, in order that crystallisation can take effect. 

The relatively enormous low cring of the electrical resistance of 
a metal brought about by the addition of small amc.'unts of a 
second metal, is, moreover, explained on this basis. Assuming 
the added metal to bo in an atomic condition, probably occurring 
as an adsorbed layer around the crystalline boundary, it is easy to 
see that the foreign metal, behaving similarly to a gas, would effect 
a relatively large lowering of the electrical resistance, and that 
when sufficient was added to form a crystalline unit, whilst part 
of the metal w'ould still exist in this atomic state, further additions 
would go to form either a space lattice of its own, or in combination 
with the mother metal, thus bringing the low'ering of the property 
discussed to an end. , 

Faihiee of Metals undbb Internal and Pbolongee Stress. 

A general discussion was held on the above question at the last 
meeting of the Faraday Society.’® Many of the papers were of a 
general character, and .certain of them of a more special nature. 
The result of this discussion is very difficult j^o sum up; many 
highly interesting facts and problems were brought to light, but 
one rather regretted that no complete decision was arrived at in 
any one connexion, 

The first day consisted of a duel between the adherents of the 
amorphous phase and those who do not crec^it this hypothesis with 
the explanation of everything. W. Bosenhain, in his introductory 
address,” put forward in a very able and lucid manner his inter¬ 
pretation of the part played by the "amorphous metal. This was 

’• Tram. Faraday Soc., 1921,17, [1], 1 «<J. 

«im., 2 . 
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followed by an exceedingly critical and able paper by W. H. Hat¬ 
field, who very rightly suggested that to agree with Rosenhain one 
must conclude that tlfere arc two distinct types of amorphous 
material, viz., one form produced by cold work—a hard form—and, 
secondly, a viscisus form existing at the crystal boundaries in the 
original cast metal, the latter being capable of viscous flow. Ob¬ 
viously, as Hatfield suggested, one cannot have it both ways ; 
it must not be assumed that under certain conditions this amorphous 
material is capable of flowing, and in another case that it acts 
as a hard cement, incapable, of flow. 

In a written contribution to the discussion, A. McCancc’* rightly 
pointed out that in tlu! papers contributed no attempt had been 
made to analyse the michanism by which internal stresses are 
produced in metals. McCaiuie pointed out that a test-piece stressed 
beyond its clastic limit in tension hail its elastic limit in tension 
raised, and its elastic limit in compression lowered by a corre¬ 
sponding amount, the position of equilibrium being shifted along 
the direction of compressive stress. Dealing with the matter from 
the standpoint of quenched steels, he says : “ There is always 
present the stress resulting from the alteration in volume at the 
gamma to alpha inversion, but in addition there is the stress intro¬ 
duced by the quenching operation if sMf, which will produce stresses 
in any material which possesses a temperature coefficient of ex¬ 
pansion. ... On plunging a long heated rod in water, the 
outer portion commences to cool dow’n and contract before the 
inner portion, and in doing so it produces a tensile stress circum¬ 
ferential to itself, and a compressive stress in the core. In a direc¬ 
tion at right-angles to this, along the axis, these stresses -produce 
corresponding Jpn.^ion and compression stresses respectively. If 
they reach stfcli a value that they exceed the elastic limit at any 
time, defoymation takes place, and reversed internal stresses are 
loft in the material. In the longitudinal directibn, in the outer 
portion, internal compression stresses will exist, and these will be 
balanced bj internal tension stresses at the centre, since the stress 
integral across any section must be zero.”. It is clearly evident 
from this last contr,ibution that there is no necessity of assuming 
any such state as the amorphous ; to account for failure in stressed 
materials, it is indeed sufficient to consider the matter from the 
standpoint of opposing stresses. As long as tl^ese are balanced, 
failure will not result; but immediately this balance is disturbed, 
then failure is most lil^ly to'occur. 

With reference to the intense hardness always assumed for the 
amorphous material, McCance pointed out that amorphous silica 
is softer than the crystalline Variety, and it was used for galvano¬ 
meter suspensions on account, of the absence of viscous flow. 

“ Ibid., 71. 
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The greater part of the papers read at this meeting were con¬ 
cerned more or less with special cases of failure ; for instance D. 
Hanson*’ dealt with ihtercrystalline failure ih boiler plates—^failures 
which, as pointed out by him, seemed generally to result owing 
to the segregation of thin cementite films around the erystal boun¬ 
daries. As to whether one must assume greater strength along the 
crystal boundary, or whether this results merely from crystal 
interlocking, has not been conclusively proved. At his Sheffield 
lecture the writer offered the suggestion that at the grain boun¬ 
daries there existed a stronger attraction between the atoms due 
to the unsatisfied valencies of two layers of surface atoms, this 
suggestion being based on the Langmuir theory of adsorption. It 
might even be duo to the forces of co-valency. This suggestion at 
least explains the action of corrosive reagents in preferentially 
attacking the grain boundary material, for it naturally assumes a 
greater surface of attraction, and therefore greater field of chemical 
activity. 

Quite an excellent summary relating ,to the forces producing 
rupture in steel was given by J. N. Greenwood.” Owing probably 
to there being but little new material, and partly owing to the rather 
incomprehensive manner in which the case was stated, this paper 
did not come in for much discussion. As a general survey of the 
forces tending to cause rupture in steel, the paper is excellent and 
certainly merited greater attention than it received. With the 
exception of a certain few of the contributions, notably those by 
Hatfield, McCance, and Greenwood, one felt that but little had 
accrued from this discussion. Much food for thought was, however, 
provided, and if only certain of the contributors would make an 
impartial digest of the matter brought up, their views upon the 
causes and effects of internal stresses should be greatly modified. 

a 

CoKROsioN OF Iron. 

i. 

The corrosion of metals is a subject about which we know less 
and publish more than about any other. 

A theory of corrosioh seems to bo part of the individual; every 
man appears to have his own view as to why ebrrosion takes place, 
and equally to ignore the views of others. It is interesting then 
to compare a few statements with regard to the effect of copper 
in steel, upon its corrosive value. F. K. Bell and W. A. Patrick’* 
conclude from their experiments that copper has a marked retarding 
effect on the rate of solution in 27% solution of hydrochloric acid, 
as compared with pure reduced iron. A 50% solution of sulphuric 
acid gave erratic results. 

*" Ibid., 91; J., 1021, 104a. 

” Ibid., 123 ; J., 1921, 106a. 

. *> J. Amer. Chem. Soc., 1921, 48, 462 ; J., 1921, 304a. 
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0. Bauer also finds that copper lessens the corrosion of iron 
in atmospheric air, and .also in sulphuric acid fumes, and 0. W. 
Storey^ suggests that’steel ranges built of iron containing copper 
corrode less. E. A. and L. T. Richardson^’ state that copper 
increases the rtst-resisting power of steel. 

Contrary views are expressed by A. S. Cushman and G. W. 
Coggeshall,’’ who state that copper-bearing iron is less resistant 
to corrosion than copper-free metal, whilst J. A. Aupperle and 
B. M. Stricklandgive values for the corrosion of steels in a 
solution containing 0-7% of sulphuric acid, 1'98% of ferrous 
sulphate, and ()'15% of ferric stdphate, the solution being con¬ 
tinuously circulated and aerated. The loss in weight in sixty 
days was as follows :—Pure open-hearth iron, 0-622 oz. per sq. ft.; 
copper open-hearth steel (0-257% Cu), 0-75 oz. per sq. ft. ; 
open hearth steel, 0-779 oz. per s<j. ft.; Besscflier steel (0-224% Cu), 

2- 060 oz. per sq. ft. ; coppe^r acid i)pcn-hcarth steel (0-209% Cu), 

3- 263 oz. per sq. ft. 

One’s pity goes out tp the technical and commercial man who 
relies upon the scientist to assist him in this matter of corrosion. 
Experiments and determinations are legion, hut the conclusions 
are worthless. Each investigator appears to employ the methods 
that appeal to himself, each takes‘for his puiq)ose different types 
of steel, manufactured by different processes. Not content with 
this, it is usual for each individual to employ some special form of 
corroding reagent. What is the result of this f The publications 
and .scientific press arc flooded with innumerable results, all unstan¬ 
dardised and unco-ordinated, and therefore for practical purposes 
useless. Dealing with the question of the corrosion ofoiron as a 
whole J. A. N^Friend-’ formulates a colloidal theory of corrosion. 
The main features of his theory are as follows :—(1) The rate of 
corrosion»is dependent upon sol formation. (2) The dissolved iron 
is originally present in the ionised ferrous state, but is rapidly 
converted into the sol of ferrous hydroxide, and afterwards oxidised 
to the higher hydroxide, this latter acting catalytically by oxidising 
metalHc iron, itself undergoing reductioB, and is subsequently 
re-oxidised by thc^oxygen of the air. He supports this theory by 
mentioning that substances such as strong electrolytes, which 
destroy and cause precipitation of the coUoid, retard corrosion, 
whilst other substances, which assist in stabilising or forming colloids, 
increase the corrosive action. • 

If we accept this ttoory we must needs alter our definition of a 
“ SlaM u. Eisen, 1921, 41, 37, 76 ; J., 1921, 393a. 

Trarm. Atner. EIcctrochem- Soc., 1921, 13 ; J., 1921, 220a. 

Ibid., 55 i J., 1921, 262a.* 

“ Itnd., 249 ; J., 1921, 350a. 

•' Ibid., 167 ; J., 1921, 35f)A. 

« Chem. Soc. Trans., 1921, 119, 932 j J., 1021, 645a. 
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catalyst. One always assumed that a catalyst was a body which 
underwent no change daring the reaction, but here we have a 
substance termed catalyst which undergoes alternate oxidation 
and reduction. 

Another interesting point is with regard to the initial solution, 
previous to the formation of Ihc colloid. If solution without any 
colloid is possible why bring into the theory a colloidal explanation ? 

Slags. 

Research w'ork upon slags, whether of blast-furnace or of steel- 
fumace origin, has been extremely limited durmg the year 1921. 
L. Blum-® has quite reasonably pointed out that the basicity of a 
basic slag is limited to excess lime beyond that required to form 
tetracalcium jihosphate and calcium monosilicate. Be concludes 
that 4% of excess lim?, is sufficient for the purposes of desulphurisa- 
tion and dephosphorisation. 

J. E. Fletcher^” emphasises the importance of graphical methods 
in consideration of slag compositions, and illustrates his results in 
this manner on every possible occasion. The author a.s.sumes that 
blast fimnace slags arc constituted of orthosilicates, vhich act as 
solvents with respect to the other constituents, dissolving free 
silica and alumina. In view of the work of Feild and Royster,’" who 
have shown by means of viscosity determinations that in the 
liquid states the slag retains the constitution of the solid, this 
view is difficult to accept. 

Fletcher makes the statement that there is always a tendency 
for the slag to become neutral, chemically siiealdng. This is as 
interesting as it is natural, the neutral state beuig of an eutectic 
composition, in which there will separate, upon cooling, the pure 
compounds in a free state. An eutectic compo.sition is synchronous 
with the maximum entropy function, the change in Q at a constant 
temperature, T, being greatest during the solidification of an 
eutectic composition, and it is known that all bodies tend towards 
maximum entropy. There is then some scientific foundation for 
this statement. 

Many of the suggestions put forward in this paper are somewhat 
of an empirical nature, and require fm-thcr thought and investiga¬ 
tion. The discussion on the paper is particularly interesting. 

Proc?3sses and Treatment or Steel. 

H. Brearley,” in a paper on the welding of steel, shows that a 
weld can xarely, if ever, be perfect. As a method of testing welded 
material he suggests the employment of an Izod impact test. He 

Stahl u. Eissn, 1921, 41, 09 ; J., 1921, 392a. 

J. Iron and Steel Inst., 1921, 103, IOC ; J., 1921, 394a. 

U.S. Bur. Mines, Tech. Papers 187 and 189; of. J., 1918, 246a, C48a. 

" J. Iron and Steel Inst., 1921, 108, 27 ; J., 1921, 190b. 
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cites experiments made by hifcself, in which he drilled a hole in a 
steel ingot, filled up this hole with a close-fitting bar of the same 
material, and then rolled the composite mass together. From the 
value of the impact figures he shows that for a welded section the 
impact value would be less if the weld were perfect than if other¬ 
wise, an imperfect weld acting as a composite material. Owing 
to the welded portion tearing away at the weld immediately upon 
fracturing, the metal forming the second part of the weld will, 
so to speak, act as a backing, and add greatly to the apparent value 
of the Izod figure. Were the weld perfect it would break as one 
homogeneous piece, with a lower impact value. From results 
obtained after different treatments, the author calculates the 
comparative welding figures of four typical steels, viz., low-carbon 
steel, nickel steel, nickel steel with low chromium, and a nickel- 
chrome steel, the mild steel giving the hi^nest and the nickel- 
chrome steel the lowest figure. The author refers to sulphur in 
steel, and indicates that its value as a means of producing a sulphur 
print, and thereby giving an indication as to the manner in which 
the metal has been cast and worked, is perhaps greater than the 
detrimental properties conveyed upon the steel by this clement. 

Dealing with the dimensional effects of heat treatment of carbon 
steels, W. P. Wood coneludes from his experiments that, after a 
normal oil-hardening from 900° C., followed bv' tempering at 600° G., 
compared with the ordinary annealed steels, a hypo-eutectoid 
steel is shorter, an eutectoid steel the same, and a hyper-euteotoid 
steel longer after this treatment. His results agree with those 
of Andrew, Rippon, Wragg, and Miller.*’ 

An interesting paper on case-hardening is contributed bydil. Fay,*‘ 
who supports>fc'i 'iow that case-hardening is a nitrogenising as 
well as a carbonising process. Quoting from the work of other 
observers ihe author refers to a case in which Hurum found that 
after heating a low-carbon steel in a cyanide bath for 10 minutes 
at 830° C., the ^nitrogen content on the outside layer was 
0-57%. By using Shimer’s cyanide process it is stated that both 
carbon and nitrog m diffuse through iron at a»temperature of 650° C., 
which is below tb v change point (the temperature of 660° C. is, 
however, so near to that of the transformation point, that this 
statement must not be accepted without question). 

The nitrogen content is said to decrease with rise of temperatiu«, 
the maximum content (0-57§%) being arrived «t at 750° C. As 
nitrogen is known to tave an appreciable hardening effect upon 
iron it is quite pcBsible that in using cyanide mixtures for case- 
hardening the reaction suggested does take place, for experimental 

“ Chem, and Met. Eng., 1921, 24, 345 ; J., 1921, 261a. 

“ J. Iron and Steel Inst., 1920,101, 493 ; Ann. Repte., 1920, 6, 244. 

>* Chem. and Met. Eng., 1921, 24, 289 ; J., 1921. 220a. 
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results all point to solid carbon being unable to cement iron. Know¬ 
ing that nitrogen will cojmbine with iron to form a nitride, and that 
the only difficulty of forming this nitride lies in causing the nitrogen 
to diffuse into the iron; when we have a gaseous radicle CN, both 
reactions become possible. , 

The question as to whethei oxygen is soluble in steel came under 
discussion, due to papers by J. E. Stead and J. H. Whiteley.”* 
Proof wa.s furnished both in the papers and in the discussion that 
oxygen, probably as oxide of iron, has a limited solubility in steel. 
Evidence of this was furnished by application of the cupric reagent, 
which showed unattacked areas whore oxygen was suspected, and 
gave negative results when the same sample was reduced 
in hydrogen. 

A. McCance in the discussion referred to some exi^rimcnts of 
his own, in which the amount of oxide included in the steel was a 
function of the slag composition and the tcmjierature of melting. 
It is a wcll-loiown fact that if time is allowed, an equilibrium exists 
between the oxide in the slag and the oxide in the metal, the 
distribution obeying the Nemst distribution law, so that by con¬ 
trolling the composition of the overlying slag it is possible to produce 
a steel comparatively free from this harmful constituent. 

The existence of oxygen-bearing iron is also inferred by A. 
Matsubara,^* who determined the equilibrium relations between 
CO, CO 2 , and Ee at three different temperatures, and likewise 
studied the systems CO -COj—FeO, and CO—COj —FC 3 O 1 . The 
s 3 fstem Fc—^FcO—CO—CO,—C has also been determined by 
V. Falcke.®’ 

S. N.,.^rayshaw’® describes at great length his method for the 
prevention of hardening cracks in a steel containing 1 •! % of carbon, 
0-8% of tungsten, and 0-2% of chromium. One' gathers, from this 
lengthy paper that the question of cracking largely depends upon 
the initial treatment of the tool. The figures given are so numerous 
and the descriptions so lengthy that unless orie has a particular 
interest in this uncommon class of steel interest is apt to fade away 
before the end is reached. If, on the other hand, one does complete 
the perusal of this paper, the feeling that one has really done some¬ 
thing hangs foremost in the mind. 

„ New Sleds. 

Uranium steels are dealt with by H, S. Foote.’’ But little effect 
upon the transformation points is produced by addition of this 

” J. Iron and Steel Inst., 1921,103, 271-302 ; J., 1921, 392a. 

” Trans. Armr. Inst. Min. Met. Snff.I'Oct., 1921 ; J., 1921, 304a. 

« Z. EleHrochem., 1921, 87, 208 ; J., 1921, 545a. 

« J. Iron and Steel Inst., 1921, 108, 131s J., 1921, 393a. 

»» Chem. and Met. Eng., 1921, 83, 789; J., 1921, 860a. 
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element up to 2-0%; furthe^’ 'additions lower the changes and 
induce a martensitic structure. Uraniuip appears to induce the 
formation of sorbitic pehrlite similarly to chromium. Speaking 
generally, it tends to emphasise the special properties induced by 
other .special el((ments when added along with them. 

A New Etching Reagent. 

A new etching process is described by A. Fry.^" The process 
comsists in annealing the test piece for about half an hour at 200° C., 
and etching with a strong solution of cupric chloride in hydro¬ 
chloric acid. For micro-sections the reagent consists of 40 c.c. of 
concentrated hydrochloric acid, 30 c.c. of water, 26 c.c. of ethyl 
alcohol, and 5 g. of crystalline cupric chloride. This reagent is 
said to show up strain effects remarkably ^weU. 

Mechanical Properties. 

Two excellent papers by W. H. Hatfield^' deal with the mechanical 
tests of numerous steels» The purposes of both these papers are 
alike In the first-mentioned the author attempts to impress the 
marine engineer with the w'ell-establishcd fact that better mechanical 
properties may be derived from certain alloy steels than can jms-sibly 
be obtained from ordinary carbon steels. Many of the results 
given had been published previously, and were referred to in last 
year's report. Hatfield’s re.sults are reliable and his conclusions 
sound, and, as previously said,*^ he has the courage of his con¬ 
victions, not being content with merely giving the actual properties 
of steels of varied compositions, but even going further, assigning 
to each particular steel its special use and method of em^oyment. 
Tlie steels cgnifcd'.ct d cover a wide range of carbon, nickel, nickel- 
chrome, chrome, and chrome-vanadium steels. In the second 
paper specSal steels are dealt with from the standpoint of the 'Wohler 
fatigue range. TJie method of conducting the Wohler test is 
described qpd the fatigue values given. The author takes for his 
purpose a good selection of steels as used in the automobile industry, 
and in his conclusions makes the following comments: “ For 
10,000,000 revolut.Ans, the safe range of stress for earbon steels 
used in the motor-car industry is from 12 to 18 tons per sq. in. 
For alloy steels the comparative figures are 21-5 to 28 tons. Here 
is indeed a sound argument for the extended hse of high-tensile 
alloy steels for highly stressed 2 >art 8 .” The figiire of ten miUion, 
it should be remarked,^s the number of reversals that a steel must 
stand without rupture, under a particular load. In other words, 

Sum u. Risen, 1921, 41, 1090 ; J., 1921, 660a. • 

“ J. West Scotland Iron and Steel Inst., 1921,28 [5] j J. Inst. Automobile 
Eng., 1921, 465. 

“ Ann. Repis., 1920, 6. 241. 
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the load under which the steel will just stand this number of re¬ 
versals is the figure takpn. 

L. Aitchison^® gives an exceedingly good account of the properties 
of chromium steels. He suggests replacing many special steels of 
other types by means of pure chrome-carbon ^tecls. His tests 
show the great latitude possible by slight variation of the chromium 
and carbon content. He also describes the properties of chromium 
iron containing 11-7% of chromium, this being of a rustless nature. 
This alloy, after a treatment consisting of oil-hardening at 930° C., 
followed by a tempering at 7.50°, gives tensile results as follows : 
Yield point 27-0, maximum stress 36-7 (tons per sq. in.), elongation 
31-0%, reduction of area 68-8%, Izod impact 87 ft.-lb.—a truly 
remarkable test for a practically carbonless material. Highly 
interesting are a series of test values given showing the comparative 
relation between chFome-vanadium steels and pure chrome steels, 
to which has been added an amount of chromium corresponding 
to the vanadium. These tests indicate th<at chrome-vanadium 
steels may be reasonably replaced by pure chrome-carbon steels 
containing an excess of chromium corres]()onding to the v^anadium 
in the quaternary steels. During the discussion the remark was 
made that the engineer, after being told by one metallurgist of the 
great value of nickel-clirome steels, was now being told that pure 
chrome-carbon steels were as gobd if not better. What, then, was 
the engineer to do ? 


Conclusions. 

Apart from the deplorable condition of the industry, the year 
1921 hat’ been somewhat deficient in original investigations. No 
revolutionary discovery has marked this period, nothing outstanding 
has been revealed; in fact, we have ju.st passed through a very 
ordinary year. Papers in numbers have been read and .have been 
discussed, but can we say that as a result of all this we are any 
nearer to the final goal, the age when a scientific explanation for 
all facts becomes possible ? • 

Let us take as an example the discussion on internal stresses 
held under the auspices of the Paraday Society. Undoubtedly 
much that was new and valuable came to light; but if one were to 
attempt to summarise the result of this discussion, to come to any 
conclusions with regard to the real cause of internal stresses and 
the nature of such stresses, they would be utterly at a loss to know 
which school to follow. It is well-nigh impossible to reach a state 
of finality in anything; every hypothesis proposed and accepted 
must indeed be but a transient stage in our evolution, but when 
there exist two'definite and different'schools of thought, the matter 
becomes even more difficult. 

Inst. Automobile Eng., Nov. 10, 1921. 
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Then with regard to the adoption by engineers of special steels— 
that is to say high-tensipn steels—to replace the present class of 
ordinary mild steels. 'Hatfield in particular has been preaching 
their more extended use from the housetops; ho has given large 
numbers of tcsfn illustrating their superiority, and yet we are just 
where we were. This attitude of indifference on the part of engineers 
has done and is doing greater damage to metallurgical research 
than is generally realised. The metallurgist investigates, carries 
out innumerable tests, and concentrates the whole of his brain 
power upon problems connected with engineering materials, all 
to be jiaid for by this lethargic indifference. One would have 
thought that, industry having been slack, managers would have 
at once have turned their attention to research, in order when 
trade revives to be in a position to ])ut on the market fresh steels 
with special properties, to be able to start up again with the help 
of new tools in the w’ay of loiowledge. This is not so, however ; 
we progress when wo are forced to progress, we adopt new' methods 
when our competitors h^vc installed them and captured our trade. 
Unfortunacoly most of these competitors are foreigners. The 
metallurgist is then in the, unenviable position of an onlooker, who, 
seeing what is required, and at the same time having the knowledge 
and ability to act, is unable to do so* because he has not the power. 
Is this always to be ? 
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THE METALLURGY OF THE NON-FERROUS 
. METALS. 

By Cecil H. Desch, D.Sc., Ph.D., 

Professor of Metallurgy, University of Sheffield. 

Thebe is little to record in the teohnical development of non-ferrous 
metallurgy during the past year. The depression which has so 
profoundly affected the whole of industry has prevented expansion 
of manufactures and the trial of new processes. Many important 
plants have been standing idle, whilst developments which have 
boon projected have had to await a race favourable time. On 
the other hand, the scientific study of non-ferrous metUa'and alloys 
has been progressing rapidly, and this is a mo.st hopeful sign, 
promising improvements in the extraction, treatment, and'utilisation 
of metals as soon as circumstances permit, with consequent great 
advantages to the industry. In our own country the Non-Ferrous 
Metals Research Association is gaining in strength, and .has already 
undertaken a programme of research which should result in great 
benefits to its members. This Association has adopted the wise 
policy of concentrating its energies on problems of fundamental 
importance rather than on minor shop difficulties, the solution of 
which is not the work of a co-operative body, although its central 
bureau is usually in a position to supply existing information from 
its stores of filed and classified papers. For the sake of the British 
metallurgical industries generally, it is to be hoped that this impor¬ 
tant research organisation will receive the fullest support from all 
firms connected with the manufacture and treatment of the non- 
ferrous metals. It is only by a large membership that such associa¬ 
tions can obtain the resources necessary for anoextensive campaign 
of investigation and for the maintenance of an efficient machinery 
for collecting and distributing technical information to its members. 

The publications of the year include statistical pamphlets in the 
series issued by the Imperial Mineral Resources Bureau, dealing 
with aluminium, antimony, barium, cobalt^ manganese, tungsten, 
and zinc, whilst the Imperial Institute has published monographs 
on the ores of silver, chromium, and lead. Attention should, 
perhaps, be called to an important monograph on the economics 
of the copper industry by F. W. Franke.' This is an exhaustive 

^ Mtmich, Dunckor and Humblot, 1020. 
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work, and although European countries have only received a small 
part of the author’s attenjion, the survey is most illuminating, and 
it is to be hoped that efther metallurgical industries will in time be 
treated in a similar manner. 

Gold mining tias had to contend with serious difficulties, and 
in South Africa the world’s economic condition has combined with 
labour troubles to hamper the progress of even the most productive 
mines, whilst the low-grade mines have found it difficult to continue 
working. One consequence has been that greater interest has been 
taken in the ores of base metals and in non-metallic minerals, in 
which the country is also rich.^ Copper and tin mining are assuming 
importance in the Protectorate of South-West Africa.* An inter¬ 
esting change in the method of treating gold ores has been adopted 
by the Springs Mines Co. in the Transvaal.* In the new plant the 
stamp mill and amalgamation plant have been discarded, and the 
ore passes directly to the tube mill for treatment. A tube mill can 
deal with ore in the condition in which it comes from a g3Tatory 
crusher, and can grind itte such a fineness that cyanide extraction 
's rapid and complete. The results of such a simplification of the 
ordinary process will bo interesting when compared with the stan¬ 
dard method of working. Apart from this development there is 
little to record in the treatment of‘gold ores. R. Paulin* states 
that ball mills are inefficient in separating gold from quartz, and 
that roller mills or tumbler mills have advantages over them. Some 
experiments on cyanide solutions have been made by H. A. White,* 
who finds that wattle bark extract, in the presence of a minute 
quantity of alkali, is the cheapest and most efficient for the removal 
of oxygen, and by J. H. Johnson,’ who finds that in highly'^lkaline 
solutions deposi^ of calcium carbonate and hydrated silica ai e liable 
to cause ch'gging i.f the zinc precipitation boxes. 

The scarcity of platinum is a serious matter for many chemical 
industries. Russia and Colombia produce about equal quantities 
of the metal, and tRe production of all remaining countries is insig¬ 
nificant in proportion.* A few new discoveries have been made in 
Canada, and the presence of very small amounts in some of the 
rocks of Cornwall has ^een reported, but the quantity is insufficient 
to pay for working. The Russian production is not very far short 
of its level before the war.® As there is no sign of any new source 
of importance, it becomes an urgent question whether the use of 

* J., 1921, 32k. 

* J; 1921, I.TOk. 

‘ J., 1921, 389k. 

* Chem.-Zeit., 1921, 45, 285 ; J.. 1921, 304a. 

' J. Chem. Met. Hoc. S. Africa, 'mO, 21, 105 ; J., 19217 263a. 

’ Ilrid., 58 ; J., 1921, 48a. 

* J; 1921, 434r. • 

* J., 1921, 471k. 
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platinum in jewellery, for which other metals are at least equally 
suitable, should not be 'iorbidden, in order to free this essential 
metal for its legitimate uses in industry. 

Experiments on the mechanical concentration of Silesian lead 
and zinc ores are described by W. Gross and W. lloy.’" The bar 
form of screen, as used in Schubert’s patents—the bars being shaped 
like fire-bars—gave the best results. The Sehuehardt sieve and 
plates with conically-bored perforations, the cones widening dorni- 
wards, came next in order. The free opening and the pressure in 
the plates above the screen are the two principal factors in deter¬ 
mining the efficiency of the plant. 

The theory of the settling of particles in concentration processes 
is discussed mathematically by K. Kegel." f’he velocity of fall 
in a confined space is equal to the velocity in an uneonfuied space 
in the same medium multiplied by the ratio of the smallest unoccu¬ 
pied cross-section to the total cross-section. It follows that specifi¬ 
cally heavy small particles fall more rapidly in a settling tank 
than larger particles of lower specific gra\ity. 

An account of exjieriences with the Grondal method of flotation 
is given by A. Macco.'- During and since the war four plants 
on this system wcpe erected in Germany for the purpose of dealing 
with low-grade ores, and the results suggest that many poor ores 
may be economically treated in the same way. The ore is crushed 
in a wet tube mill to pa.ss a 120-200 me.sh sieve, a small quantity 
of a heavy oil (0-2-0-3 kg. per ton) being added drop by drop 
towards the end of the operation. The mixture is then jiassod to a 
large funnel-shaped vessel, in which the coarse particles settle 
whilst the overflow passes to the flotation apparatus proper, which 
consists of a scries of wooden chambers of shnple construction 
without moving parts. The froth is produced by blowing com¬ 
pressed air through the chambers. A minute quantity*of a secret 
chemical is added as a flotation agent. TIic .foam is broken up 
by a spray of water and the separation of the water is Jiest effected 
by pouring into shaking vessels, each of which tips its contents 
into the next. Abouthine-tenths of the concentrate is thus reduced 
to a water content of 12%, half of which is refnoved by air drying, 
whilst the remaining one-tenth is filtered through coke. The 
water which separates is used over again. As an example of the 
results obtainable, the galena blende ore of the Friedrich-August- 
Htitte, containing 36-8% of barytes, yielded 85-90% of its zinc, 
87-93% of its lead, and 90% of its silver in the form of a concentrate 
containing only 5% of barytes. At Gottesgabc an ore containing 
only 1-5% of copper yielded a concqntrate with 32%. Experiments 


• AleUiUu. Erz, 1921,18, 121, 1.62, 177. 
n Ibid., 1920, 17, 635. 

“ IbU., 1921, 18, 197. 
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were made with laboratory rnixturcs of copper pyrites and sand 
by W. S. Morley,’’ to determine the effect of various flotation 
agents. Viscous substances, such as coal tar, gave bad results. 
The addition of xylidine* with some of the organic chemicals now 
in use was found to be favourable. 

Some of the complex lead-zinc oreS of Idaho, according to {!. A. 
Wright, J. G. Parmelee, and J. T. Norton, are very difficult to 
concentrab^ on account of the intimate iidmixture of the metallifer¬ 
ous minerals with the gangue.” Even when crushed to 200-mesh, 
the constituent minerals are imperfectly separated, but it appears 
that flotation gives a bel ter separation than gravity concentration. 
Ores approximately similar in composition behave differently 
towards flotation agents, the best flotation of galena being obtained 
in alkaline solutions, so that by adding sodium carbonate or some 
equivalent salt, together with tar or char6oa], galena may be 
floated from blende or pyrites, and by subsequent addition of a 
copper salt and pine oil the blende may bo floated. Ghalcopyrite 
is separated from a schistose gangue by addition of coal tar and 
wood creosote. 'Antimonial silver ores were found to be difficult, 
and sodium sulphide and cyanide proved to b<- useful additions 
to the pulp before floating by means of vegetable or mineral oil. 

An unusual method for the sepafation of silver from ores con¬ 
taining that metal and manganese is de.seribed by J. A. Carpenter.** 
Ibiasting with salt at 1000° C. converts silver, copper, lead, and gold 
into chlorides, which are volatilised and collected by means of a 
Cottrell electrostatic plant. The yield is stated to be 95-99%, 
with a small consumption of fuel, oil being used for the purpose. 

iSmelting Equilibria. 

9Tie methods of thermal analysis and microscopical examination, 
which havt" been .so fruitfully employed in the study of alloys, have 
been less frequency utilised to throw light on the processes of 
smelting, ajthough isolated workers have obtained good results. 
A series of systematic studies by W. Guertler and K. L. Meissner*® 
is now in course of publication, dealing with the relations between 
various pairs of mefals and sulphur. When the metals are copper 
and load, cuprous sulphide is the finst to be formed, followed by 
lead sulphide and lastly by cupric sulphide. Although copper 
and lead are immiscible in the liquid state, the prhsence of sulphides 
causes them to emulsify, so that in practice a single layer of metal 
is obtained in place of two. When the two metals are copper and 
bismuth, the upper layer consists of cuprous sulphide with only a 

*® Trans. Armr. Inst. Min. MA. Eng., 1921; J., 1921,£02a. 

*® V.S. Bureau Mineg, Bull. 205 ; J., 1921, 852a. 

>® Eng. and Min. J., 1920, 110, 898 ; J., 1921, 48a. 

*® MetaU u. Erz 1921, 18, 145, 368, 410, 438 j J., 1921, 352a. 
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little bismuth, copper having a greater affinity for sulphur than 
bismuth. It is therefore impossible to remove bismuth from 
copper by melting with sulphide. Sulphur decomposes copper 
antimonide, forming cuprous sulphide and free antimony, whilst 
antimony sulphide reacts with metallic copper fej form cuprous 
sulphide and copper antimonide, according to the proportions. 
Manganese has a greater affinity for sulphur than even copper, 
and this affinity is not modified by the presence of iron. Manganese 
and cuprous sulphides form a eutectic. 

Some binary systems of sulphides have also boon investigated in 
Japan. The sulphides of antimony and silver are found by K. 
Konno” to form a single compound, Sb-Ss.AgjS, known in nature 
as miargyrite, without solid solutions. D. litsuka'® shows that 
antimony and load sulphides form no leas than four compounds, 
all of which occur as minerals, whilst the sulphides of antimony and 
bismuth are found by Y. Takahashi'* to form a continuous series 
of solid solutions. 

Sintering being such an important process in modern ore treat¬ 
ment, some interest attaches to a study of the sintering process 
by K. Endell.^" Not only low-grade fine ores but also flue dusts 
and other waste products have to be conglomerated for treatment 
in blast furnaces etc., and sintering often proves to be superior 
to briquetting. Chemical reactions, take place between the solid 
materials, and true sintering, which involves the appearance of a 
small quantity of a liquid phase, is largely determined by these 
previous reactions. Both the taking of heating curves and direct 
observation by the heating microscope may be used to study 
the proc-ess. In the microscopical observations the beginning of 
sintering is marked by contraction of volume aqd rounding of the 
edges. 

Zinc. 

The electrolytic treatment of zinc ores continues to be a subject 
of discussion. The plant of the Anaconda Copper Miniqg Company 
is described by F. Laist and others.^* Oxide roasting having proved 
unsatisfactory owing lo the acid plant being unable to supply 
sufficient leaching acid, the furnaces were ffitered for sulphate 
roasting. Even with a very high iron content the proportion of 
zinc soluble in 2% sulphuric acid may be as high as 82% provided 
that the temperattire does not exceed 600° C. McDougall furnaces 
give the best results, especially when provided with the Cottrell 
precipitating device, which returns not bnly dust but sulphur 

« Mem. Coll. Sci. Kyoto, 1920, 4, SI. 

“ Ibid., 1926, 4, 61. 

■>» Ibid., 1920, 4, 47. 

« MetaUu. Erz, 1921, 18, 163 ; J., 1921, 394a. 

“ Chem. and Met. Eng., 1921, 24, 245 ; J ., 1921, 182a. 
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trioxide to the furnace. The leaching process is complicated, a 
series of tanks being used and two main stages being adopted, 
using first a neutral.and then an acid solution. Zinc dust (made 
specially in an oil-fired atomising plant) is used for the final removal 
of copper, but a*large part of the co 2 )per has been precipitated in the 
first stage by the bases. Rolled shed aluminium cathodes and cast 
lead anodes are used in the electrolytic tanks, the latter only 
requiring cleaning every month or six weeks. The cathodes are 
easily stripped and only require washing and wire-brushing. The 
zinc is melted in coal-fired furnaces. This is now by far the largest 
electrolytic zinc plant in the world, the Australasian Zinc Co. 
coming second and the Trail plant third, there being qo other 
works comparable with these. 

The application of similar methods to low-grade zinc ores in 
Japan is described by M. Namba.““ The codumption of the metal 
in Japan is too small to justify a large smelting industry, and wet 
methods are to be preferred. The sulphide ore is roasted and 
pulverised and extracted with a 20% solution of sodium bisulphate, 
heavy metals being removed from the filtered solution by means 
of zinc dust. After the usual oxidation and precipitation of iron 
and manganese, zinc hydroxide could bo prepared from the filtrate 
by a process described by the author, using milk of lime as the 
precipitating agent, and taking advantage of ))hysical changes in 
the state of agglomeration of the hydroxide and of calcium sulphate. 
Alternatively, the purified solution may be used for the electrolytic 
extraction of zinc. 

There have been many papers on the distillation process for 
zinc. 0. Muhlhaeuscr, who has made frequent studiws of the 
efficiency of ^c process, has used an experimental retort furnace 
to deteraiiite the main sources of loss,^’ and finds that the loss in 
the residues remains practically constant during the use of the 
retort for successive charges, but that the loss of vapour from the 
receiver is large ift first and diminishes as the retort is used. The 
loss through cracks also diminishes in the same way. The author 
is of opinion that insufficient attention is ^aid in the industry at 
present to the somfccs of avoidable loss, and that much study will 
be necessary. The largest losses arc due to the combination of 
zinc oxide with the clay of the retort, forming spinel minerals. This 
occurs when the retort is first used, and may then amount to 25% 
of the zinc in the charge, but the clay is si.on saturated, and in the 
last charges this loss i%not more than 1 %. 

The methods to be foHowed in the valuation of zinc ores, due 
regard being paid to the losses which occur in the smelting process 
when certain impurities are {iresent, are discussed in an elaborate 

“ J., 1921, 279t. 
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series of articles by Paul.^" A complex formula is obtained which 
involves not only the zino content and its price, but also the sulphur 
content, the specific gravity of the ore, and the cost of unit volume 
of the furnace. This is considered to i^iresent the true value 
much more nearly than the usual formulie. A me«hanical charger 
for zinc retorts, similar in priiiciple to the overhead charger used in 
open-hearth steel works, is described by J. Thede.“‘’ This machine, 
introduced into Belgian works, allows each retort \o distil a much 
larger quantity of zinc than when hand-charging is practised. A 
study of the formation of zinc dust has been conducted on a labora¬ 
tory scale by O. Ravner,^" who concludes that it is better, in order 
to avoid the formation of dust, to keep the temperature of the 
receiver a little above, rather than below, the melting point, and 
that the path of the vapour before condensation should be as short 
as possible. The presence of sulphur in the charge increases the 
amount of dust. Electric furnaces are found by the same author 
to yield a dust containing more oxide and sulphide than that from 
retorts. A good recovery of zinc is obtained by melting the dust 
under a flux of zinc and sodium chlorides, or of zinc and calcium 
chlorides, the latter giving a recovery as high as Dl'Cyo- H- 
Paweek^* recommends the electrolytic recovery of zinc from dust 
by dissolving in dilute sulphuric acid and purifying in the usual 
way before electrolysis. This ‘ method is particularly suitable 
for the dust obtained when brass residues are smelted for the 
recovery of copper, which contains both oxide and copper. 

The recovery of zinc from lead blast-furnace slags is described by 
G. Courtney.^* Passing the slag through the blast-furnace with 
coke andjimestone allows of the recovery of 60% oi the zinc as fume, 
whilst approximately the same amount is recovered by heating 
in an electric resistance furnace without adding any reducing agent. 

Alumhottm. 

The metallurgy of aluminium has perhaps received mose attention 
than that of any other metal during the past year, especially in 
Prance and Germany. The monograph by (!. Grard, which has 
appeared in an English translation,^" deals fully with the mechanical 
properties of the metal and its alloys, but gives only a "meagre 
account of the manufacture and economic aspects. On the other 

"* MetaU u. Eri, 1920, 17, 439, 475, 51,^ ; 1921, 18, 59, 126 ; J., 1921, 
305a. 

Mi., 1921; 18, 262. 

*• Chem. and Met. Eng.. 1921, 24, 932 ; J., 1921, 514a. 

“ Ibid., 24, 922 ; J., 1921, 514a. 

" Z. EkUrochem., 1921, 27, 16; J., 1921, 263a. 

•• Proc, Austral. Inst. Min. Met., 1920, V5 ; J., 1921, 473a. 
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hand, in view of the importance of aluminium to France, wliich 
possesses the principal deposits of bauxite, an exhibition was held 
in May last under the‘auspices of the Societe d’Encouragement, 
devoted to the manufacture and applications of the metal, and two 
issues of the Revf,e de. MtlaUurgie are mainly occupied by an account 
of the exhibits and by reports of the'lectures given in illustration 
and explanation of them. The exhibition, described in detail by 
B. Guerin,^* showed the historical development of the manufac¬ 
ture, the nature and distribution of the ore supplies, and the very 
numerous applications of the metal and its alloys, ranging from 
chemical and brewery plant to electrical machinery and aircraft. 
A good account of the methods of manufacture is given by L. 
Guillet.^^ The important operation of purifying the bauxite before 
electrolysis is nearly always performed by the Bayer process, 
using caustic soda, but the method of PonialAili, consisting in the 
use of sodium sulphate, forming sodium aluminate and sulphur 
dioxide, the sodium being recovered as carbonate when the alumina 
is precipitated by carbon dioxide, was in use in two works which 
vere destroyed by the Germans, at Selzaote (Belgium) and Menessis 
(Aisne), respectively. None of the methods depending on the 
formation of nitride has proved commercially successful. 

British Guiana, which has extensive deposits of bauxite and also 
large sources of water power, may become an important centre of 
prcxluction. The United States and Norway have increased their 
producing capacity during the war. France is second only to the 
United States as a producer of aluminium, but Switzerland, 
Norway, and Ganada approach it very closely. 

A review of the prospects of the aluminium industry in @fermany 
by R. Sternci^F liner,''’ states that before the war Germany 
possessed ‘onfy a single small factory in which the metal was pro¬ 
duced, this being a branch of one of the Swiss works. Owing to 
the scarcity of the metal during the war, and the difiiculty of obtain¬ 
ing it from Switzerfand, no fewer than seven works were established, 
one of whict, near Berlin, was producing aluminium at the rate of 
3600 tons per annum by the end of 1916. ‘As Germany has only 
scanty water powen the works, mostly in the neighbourhood of 
Cologne, were supplied with power generated from lignite, and 
conveyed through aluminium conductors. The total capacity for 
aluminium production in Germany now amounts«to nearly 100,000 
tons per annum, but the actual production is about 15,000 tons, 
one-third of which is• exported. The main difficulties are the 
absence of native supplies of bauxite, the deposits in Istria and 
Dalmatia being small and costly, whilst the low-grade ores of 

“ Rev. Met., 1921, 18. 539. 

” Ibid., 1921, 18, 459. 
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Hesse and from near Salzburg are ditncmt to work, and the fact 
that water power has not yet been employed, although it is thought 
that Southern Bavaria and German Austria could generate electric 
power at a reasonable cost. There is a great demand for aluminium 
in the country, especially for electrical purposes, but it remains to 
be seen whether the works, o'stablished to meet urgent war require¬ 
ments, can continue to operate under competitive conditions. 

No technical advances of any importance have been made in the 
processes of manufacture, but a new metal known as Aludur, 
having a Brinell hardness of 80 and stated to have excellent mechani¬ 
cal properties as well as increased resistance to corrosion, claims to 
be aluminium improved by mechanical and thermal treatment of a 
secret character. The use of aluminium alloys is on the increase, 
and it is hoped to replace copper, which has to be imported at 
great expense, in many of its applications by aluminium. Attempts 
are being made to devise a suitable method for the extraction of the 
metal from clay, but so far without success, although on a laboratory 
scale the operation has often been pijrformiid. The yields in 
practice appear to be small. 

The. Heroult process for the reduction of alumina to the metallic 
state has remained practically unchanged since its introduction, 
and there is no immediate .sign of any important modification. 
Aluminium is peculiar in the fact that it cannot be refined after 
reduction without great difficulty, so that any necessary processes 
of purification must bo applied to the ore. For scientific purposes, 
however, it is desirable to obtain metal of a high degree of purity, 
and experiments in this direction have been described by F. and W. 
Mylius.** Fractional crystallisation from the molten state yields 
an improved metal, provided that the quantity,of iron and silicon 
(the most usual impurities) is small in the first place, the •impurities 
remaining concentrated in the portions last to solidify. ,By stirring 
during crystallisation, and so obtaining a granulated metal, and 
then extracting with dilute hydrochloric aciif, the iron may be 
almost completely removed, and the yield is much higher than by 
any method of fractional solidification. Using commercial alu¬ 
minium with 99-58% Al, this method of oxtragtion gives a yield of 
50% of metal of 99-9% purity. The resistance of the metal to 
chemical attack is a direct function of its degree of freedom from 
impurities. , 

An interesting contribution to the metallurgy of aluminium 
is contained in two papers by R. J. Anderson and J. H. Capps 
from the United States Bureau of Mines, dealing with the gaseous 
atmospheres in various types of furnace used in the melting of 
aluminium.‘Samples were drawn'off from each furnace at regular 

»* Z. emorg. Chem., 1920, 114, 27 ; J.,4921, i'sOa. 
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intervals by means of a mercury apparatus. In the stationary 
open iron pot furnace, the metal is only in contact with air, and the 
extent of oxidation or nitride formation depends only on the 
temperature. In closed *ron pot furnaces air and a little carbon 
dioxide are prtscnt, whilst in a gas-fired crucible furnace, the 
crucible having no cover, the atmospKerc consists mainly of nitrogen 
with some hydrogen and oxides of carbon, varying with changes 
in the supply of air and gas. An oil-fired reverberatory furnace 
was found to have a distinctly oxidising atmosphere, whilst closed 
oil-fired cylindrical or egg-shaped furnaces contain more carbon 
dioxide. A Baily granular resistance electric furnace contained 
comparatively little carbon monoxide, owing to the low temperature, 
the same furnace when melting brass cohtaining a much higher 
proportion. An indirect arc rooldng electric furnace of the Detroit 
type gave entirely different results. The dftiss formed contained 
carbide as well as oxide and nitride, and cyanogen was evolved. 
The atmosphere contained as much as 20-40% of carbon 
monoxide, which may perhaps react with aluminium to form 
oxide and carbide, although such an atmosphere would be inactive 
towards copper or brass. The action of gases on aluminium at 
the temperatures employed in the foundry has been very little 
investigated. * 

The paper by Guillet, already quoted, contains a full bibliography 
of aluminium, together with a useful account of the chill moulds 
used in casting aluminium ai;d its light alloys. In casting motor 
pistons, as metallic cores are impracticable, cores made of fine sand 
bound with cither oil or sodium silicate are used. 

The density of solid and liquid aluminium has been dstermined 
accurately by J. D Edwards and T. A. Moormann.^® The density 
of pure annealed aluminium is very close to 2 70, falling regularly 
with increasing temperature until the value 2'5.5 is reached at the 
melting point. For determinations in the liquid state, a silica 
sinker, weighted by having an iron cylinder sealed into it, was at 
first emplc^ed, but was found to give inaccurate results owing to 
chemical action between the silica and metal, so that a different 
method was adopfed. The vessel used was a double graphite 
crucible, the outer portion serving as a metallic bath to maintain a 
constant temperature, whilst the inner portion was of known 
capacity and was fitted with an accurately adjusted lid- This 
portion being filled with aluminium at a temperature slightly 
below that required, the mfetal expanded on heating, any excess 
escaping through a fine groove under the lid. The outer vessel 
was then emptied, and the crucible and its contents weighed. The 
expansion of graphite being khown, the density could be calculated. 
A shrinkage of 6-6% -takes ^lace in the melting of aluminium, the 

Ibid., 1921, 24, 61; J., 1921, 119a. 
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density of the liquid then being 2-382. At higher temperatures 
the density falls quite regularly, reaching 2-289 at 1000° 0. 

The piping of aluminium ingots has been studied by J. D. 
Edwards and H. T. Gammon,” a graphite crucible being completely 
filled with the molten metal and a hot iron plate then pressed down 
so that a know) volume of liquid was enclosed. After cooling, 
the volume of the pipe was determined by filling with mercury. 
Whilst pure aluminium gives a pipe of 7-7%, an alloy with 8% of 
copper gives only 3-8%, although the shrinkage on solidification 
is the same in both cases. The reason for this is that the total 
contraction of the pure metal is represented by the volume of the 
pipe, whilst in the alloy part of the contraction is taken up by a 
readjustment of the shell formed at first, so that a considerably 
shorter ingot i.s obtained. The pipe diminishes with increasing 
copper content to .ibout 10%. The eutectic, which contains 
31% of copper, solidifies at a constant temperature and conse¬ 
quently shows much piping. 

The use of aluminium in place of copppr for electrical purposes 
in France is strongly urged in the national interest bi' E. Dusau- 
gey.“® Copper must be imported from abroad, whilst all the 
aluminium required can be produced at home from native ores. 
For long-distance transmission .lines, one of the most important 
practical applications, the supports required need be only of the 
same height as for copper when the span does not exceed 50-80 
metres, but when the span is 100-200 metres higher supports are 
necessary, on account of the greater sag. This difficulty may be 
overcome by providing the cable w-ith a core of doubly galvanised 
steel wire. Specifications for such complex cables of two different 
types have been adopted in France, and the amount of sag is shown 
to be considerably less than with copper cables, and therefore much 
less than with aluminium cables wdthout reinforcement. One 
such cable has been in use for the last three years, conveying 
current at 60,000 volts, and has shown no deterioration. It remains 
to be found by experiment whether such cables arc‘capable of 
transmitting the high-frequency currents used in multiple telegraphy 
and telephony. The paper contains extensive^ tables showing the 
comparative physical and mechanical properties of copper and 
aluminium conductors. Records of the experience of a number of 
German electrical, works with aluminium transmission lines have 
also been published by Wunder.“* The mechanical properties of 
such lines appear to be quite satisfaefory. *Where difficulties have 
occurred the cause has usually been chemical deterioration, either 
at the points of support, where contact with other materials occurs, 

» /bid., 1921," 24, 338 ; J., 1921. 

’• Sev. Met.. 1921, 18, 5.59. 

*• Z. MetaUk.. 1921. 18, 179 ; J., 1921, 61.5a. 
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or at welds. Great care in making welds and junctions is required, 
and all joints and contacts should be well protected by a coating 
of a flexible insulating varnish. 

Magnesium has been used to a limited extent in place of aluminium 
for engineering Construction, this exceedingly light metal having 
excellent mechanical properties in tide form of sheet, whilst it is 
easily protected in the mass against oxidation by a thin layer of 
varnish. Care has to be taken in the machine shops on account of 
the ready inflammability of magnesium turnings.*" 

Aluminium vessels are stated by Trillat*' to be very suitable for 
use in the brewing and dairy industries, but the metal must be well 
rolled and polished, otherwise micro-organisms may lodge in the 
porous portions. It has been shown that there is no chemical 
attack by the acids of beer or milk, but washing with soda must 
be avoided and all vessels must be washed oiA after use, especially 
when salt has been used, as in cheese making. Aluminium con¬ 
densing worms have been successfully used in distilleries and casks 
of the same metal may Ijp employed, except for red wines, in which 
j)recipitation of the colouring-matter may take place. 

The most important contribution to our knowledge of light 
aluminium alloys that has been made for some time is the eleventh 
report to the Alloys Research Committee by W. Rosenhain, S. L. 
Ai’ohbutt, and 1>. Hanson.*" Many of these alloys are characterised 
by secular changes, known as age-hardening, which were flrst 
observe^d in duralumin. In this report the phenomenon has been 
definitely related to the solubility of magnesium silicide, MgjSi, 
in the solid alloys. The solutions obtained by quenching are 
unstable and gradually change to a very intimate mftture of 
aluminium and/.'-'' silicide which remains without further alteration, 
certainly for a peri(d of years. Ageing at about 200° (!. gives 
better mechanical properties than are obtained yt a higher or a 
lower temperature. The age-hardening of copper-aluminium alloys 
containing no magnesium is much less striking, although the 
compound* CuAk, to which American observers have attributed 
the effect, does behave in a somewhat similar fashion. Alloys 
containing a largeivpercentago of zinc are much less susceptible to 
change. The increase of strength on ageing is not accompanied 
by any loss of ductility. Other papers on the age-hardening of 
aluminium alloys have been published recently, including one by 
0. Grard,*" which contains i^any mechanical tests, but none are of 
equal importance to tl»B report. 

A remarkable alloy described in the report is that known as 

*" Z. McMlL, H»21, 13, 3Ui. • , 

*■ Rev. MH., 1921, 18, 697. 

*" Prm'. Inst, Meek. Knef., August, 1921 ; J., 1921, 851a. 

*» Rev. MH., 1920,17, 286 ; J., 1921, 13a. 
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“ Y,” containing 4% of copper, 2%. of nickel, and of mag¬ 
nesium. Heat-treated castings of this alloy are specially resistant 
to stress, either direct or alternating, at Kigh temperatures, and are 
therefore very suitable for engine pistons. A cheap and useful 
alloy of high tensile strength contains 3 % of copper And 20 % of zinc. 

Several series of ternary aluminium alloys have been studied, so 
far as concerns their casting properties and mechanical strength, 
by M. Waehlcrt.“ A useful account of the process of freezing of 
aluminium alloys containing copper is given by J. D. Edwards. 
The densities of several alloys in the solid and liquid state have 
been determined, regular curves being obtained, and from these 
results the possible segregation during freezing has been calculated. 
Among minor investigations may bo mentioned the study of the 
influence of cerium on aluminium and its light alloys by J. Schulte,*® 
the results showing that comi)aratively little advantage is gained 
by the addition of that expensive metal, and one on the influence 
of iron on aluminium castings by L. Guillet and A. Portevin,*’ 
increased hardness and brittleness being observed. An alloy for 
which large claims are made is known as' silumin.** It is stated 
to contain 14% of silicon without other alloying elemeirts. It is 
suggested that it might be prepared by a direct process of electro¬ 
lysis, and if this claim were to be substantiated it might be possible 
to utilise some of the deposits'of bauxite which are at present 
rejected on account of their high silicon content. Some form of 
heat-treatment appears to be necessary. 

CoppBE Alloys. 

Several papers on matters connected with the brasses were read 
at the autumn mooting of the Institute of Metals. The relation 
of the density to the composition and to the casting conditions has 
been determined by T. G. Bamford,*' who finds a considerable 
divergence between the values for alloys cast in sand and in chill 
moulds respectively over certain ranges of* composition. R. 
Genders®" recommends the use of a fireclay dozzlo in casting brass 
ingots, and it is suri)rijsing that this simple device, so familiar in 
steel crucible melting, has not been more witjely adopted in the 
non-ferrous industries as a means of obtaining sound ingots. The 
same author"* has investigated the defect often found in extruded 
brass rods, and concludes that it is caused by mechanical stresses 

“ MetaUu. Erf, 1921, 18, 298 ; J., 19^1, 547a. 

“ CTm™. attd Met. Eng., 1921, 24, 217 ; J., 1921, 182a. 

*" MetaUu. Erz, 1921,18, 236 ; J., 1921, 473a. 

** Rev. MH., 1920,17, 753 ; J., 1921, 83a. 

*“ Z. Fer. deiit. Ing., 1921, Nov. 5. ‘ 

« J. Inat. Metals, 1921, 26, 155 ; J., 1921, 700^. 

"« Ibid., 1921, 26, 139. 

“ Ibid., 1921, 26, 237 ; J., 1921, 700a. 
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due to the mode of flow. He recommends the .use of a hollow ram 
through which the extruded rod can issue, but this is open to the 
objection that buckling would take place very readily. It was 
shown in the discussion tJlat where sound ingots were used and the 
parts of the prees were properly projjortioned, extrusion defects 
were rare. Some further light has Wben thrown on the transfor¬ 
mation of brasses at 470° 0. by determinations of the specific heat 
by F. Doerinckcl and M. Werner. “ The discontinuity presented 
by this property at 470“ C. mostly disapj)ears on annealing, and 
th(! specific heat then varies in a linear mamier with the temperature. 
F. Doerinckcl and J. Trockcls‘“ have determined the work done in 
deforming brass of various compositions at high temperatures. 
Hot-working is possible even with 2H% of zinc, the work required 
at 800° C. being one-eighth of that at 200° C. The work increases 
with increasing zinc content up to 15% and ther rapidly diminishes, 
becoming very small in the two-phase region of composition. 
The forniulse of Guillet, usually adopted for the calculation of the 
‘ equivalent ’ quantities of other metals replacing zinc in complex 
brasses, are challenged Ify W. Guertler,'’* who seems to overlook 
the fact that the formu Irn are only intended for use when the quantity 
of the added clement is too small to give rise to the formation of a 
new constituent. • 

The effect of several impurities on the properties of gun-metal 
and similar alloys has been studied. R. T. Rolic‘® concludes that 
the addition of load up to at least 1% improves the properties of 
Admiralty gun-metal, e.spcoially in the form of sand castings, but 
that alloys consisting only of the alpha phase are somewhat weakened 
by lead, although their w'orking quality is improved. The opposed 
improvement ot the strength of gun-metal by the addition of lead 
is probably dne^to tiie deoxidising action of the added metal, and 
it is the general experience of founders that where adequate pre¬ 
cautions arc taken to avoid oxidation, much better mechaniijal 
tests are obtained without lead. J. Czochralski^' finds that lead, 
even up to &%, improves the fluidity and machining quality without 
adversely affecting the mechanical properties^ but this author states 
that such quantities of lead pass into solid solution, and that free 
lead does not make its appearance under microscopical examination 
until the quantity approaches 10%, an observation quite inconsistent 
with previously accepted data. (Izochralski has also examined the 
effect of increasing proportions of antimony.” and of arsenic** on 

” Z. anorg. Chem., 19HI, 116,4 ; J-, 1!»21. 473a. 

** Z. MelaUk., 1920,12, 340 ; 1921, 13, 30,5 ; J., 1921, 305a. 

** Ibid., 1921,13, 128. , 

** J. Inst. MetaU, 1921, 26, 85', J., 1921, 700a. 

*• Z. Metallk., 1921, y, 171 ; J., 1921, 515a. 

" Ibid., 1921, 13, 276 j J., 1021, 647a. 

** Ibid., 1921,13, 380 ; J., 1921, 816a. 
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gun-metal, arriving at the conclusion that these impurities are 
innocuous below a limit of 0-3% of each. 

Evidently with the object of discovering a thermo-element of 
sufficiently high efficiency to serve as a sburce of power, the German 
Coal Research Station has experimented with alleys which seemed 
to promise a more favourable thermo-electric power and ratio of 
thermal to electrical conductivity than those usually employed, 
and the phosphorus-copper alloys have been examined in this way 
by G. I’fliadercr,'’” with disappointing ro.sults. The highest values 
have, so far, been obtained from alloys of antimony and cadmium 
in atomic proportions, examined by E. Fischer and G. Pfleiderer.*® 
Those alloys change their proi>ertics in a high degree on heat 
treatment. 


, Zinc and its Alloy.s. 

The liigh cost of copper has led to many attempts to replace 
copper alloys, such as brass and bronze, by alloys containing some 
cheaper metal as their principal coastituent. Among these, zinc 
has received most attention, aluminiuiri having been dealt with 
above. The variation of properties of pure rolled zinc with the size 
of grain and mechanical condition has been studied by D. JH. 
Ingall,®’ who shows the great increase in strength produced by cold¬ 
working, and the grain growth, associated with brittleness, produced 
by annealing at 200° C. Many experiments have also been made 
with this metal by E. H. Schultz and sev'eral collaborators.®” The 
foliation sometimes observed in the sheet metal is attributed rather 
to differences in the method of rolling than to the presence of any 
particular impurity, and this is the experience of other workers, 
although the defect has not been fully explained. It appears that 
rapid reduction by heavy drafts is disadvantageous. The best 
working temperature is 120° C. The tensile strength is considerably 
improved by alloying with copper up to 2-5% or with' aluminium 
up to 4-5%, but the ductility is diminished, copper being the better 
alloying metal of the two. For cast alloys, such a^ shell fuses, 
E. H. Schulz®” finds that 4-6% of copper and 2-3-5% of aluminium 
may be added, whilst for some castings these quantities may be 
slightly increased. The alloys must not be o\ferheated, and should 
be cast in chiU moulds, with large heads. Lead, iron, and tin are 
all injurious impurities. A metaUographic investigation of the 
alloys of zinc with limited amounts of copper and aluminium has 
been conducted'by J. L. Haughton and K. E. Bingham.®' The 

ties. Abh. Kcnnt. Kohk, 191i), 4, 409 ; J., 1921, 223a. 

«" Ibid., 1919, 4, 440 ; J., 1921, 223a. 

«» J. Inst. Metals, 1921, 26, 281 ; J.i 1921, 699 a. 

Forsch. aeb. Ing., M, [IJ, 27 ; J., 1921, 84a, 

»® Z. MetaUk ., 1921, 18, 177 ; J., 1921-, 540a. 

“* Proc. Roy. Soc., 1921, 99a> 47, 
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system thus studied is Very cWplex, and the eutectic is of an 
unusual kind. Among other aUoys, Hanzsel*® mentions one 
containing 70 yo zinc and rest aluminium as having been used 
in Germany to replace braSs, but as too brittle to bo very valuable. 
Some of the alloy* richer in zinc could be improved by hot extrusion. 
One of the alloys containing copper and aluminium has been largely 
manufactured under the name of Tenax metal, mainly in the 
extruded state. Its mechanical properties and behaviour towards 
corroding agents are desciribed by W. Schulte.®* 

B BAKING Metals. 

A largo work on these alloys has been published by J. Czoohralski, 
and some chapters of this have appeared separately.*’ The chief 
effort in recent years has been to find suitable^ substitutes for the 
costly tin, and alloys with a lead basis have found most application. 
Barium has been widely used as a hardening element for lead in 
place of tin and antimony, and the lead-barium alloys have the 
closest resemblance in structure to those with a tin basis. The 
hard compound has the formula BaPbj, and small additions of 
sodium arc found by J. Czochralski and E. Rassow** to improve the 
structure. Calcium is rather inferioj to barium as a hardening 
element, but is used in the same w'ay. It is claimed that load 
hardened by barium is oven superior to red bronze for heavy 
machine bearings, and decidedly superior to all alloys with a tin 
basis. The behaviour of various bearing alloys on re-melting is 
described by B. Simmersbach,®* whilst J. R. Freeman and R. W. 
Woodward’® have determined the properties of several such alloys 
at high temperatures. The new'er alloys, with barium or otfier less 
common metals,>> re not tested, but alloys with a tin basis were 
found to bo considerably better than those rich in lead when loaded 
at temperatures approaching 100° C. Moderate additions of lead 
to tin alloys are without much harmful effect. 

Amongst miscellaneous alloys, nichrome has now assumed great 
importance, on account of its remarkable resistance to high tem¬ 
peratures, and of its useful electrical properties. The inferior 
quality of much of the metal manufactured during the last few 
years is traced by M. von Schwarz ” to the replacement of a large 
part of the nickel by iron for the sake of cheapness, such wire 
oxidising rapidly. 

®* Z. Mitallk., 1921, 209 ; ‘J., 1921, .WliA. 

Oiesami-Zeit., 1921, 18, 2,58, 208, 278 ; J., 1921, 77Ia. 

*’ Z. Meiallk., 1920, 12, 371 ; J., 1921, 30(iA. 

‘* Ibid., 1920, 12, 337. 

•• Ghem-Zeit., 1921, 46, 216 ; j., 1921, 222 a. 

’* U.S. Bureau Stand,’Tech, paper 188 (1921). 

" Z. Meiallk., 1921,18, 125 j J., 1921, 352a. 
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The metallurgy of ductile tungsten presents many interesting 
features, and an article by A. contains some additional 
details of the methods now practised. The brittle rod of tungsten 
is sometimes enclosed in a shell of copper, iron, or nickel, so that 
it may be drawn at a r('d heat, the coatmg being afterwards removed 
by chemical means or by elbctric sputtering. In another process 
the tungsten is rneohanically mixed with nickel, and the compound 
wire then drawn, an alloy being formed, from which the added 
metal is subsequently removed by volatilisation in a vacuum. The 
swaging of sintei'ed rods is a simpler process, but^ an interesting 
detail is the pointing of the wires for further diawing. Filing and 
grinding have proved to bo im]>i‘acticable, and two methods have 
been adopted, oms of which consists in oxidising the cud of the 
wire in a gas ilanuq a conical shell of oxide being obtained, which is 
then detacluxl, whilst the other makes use of an eleetric discharge 
between the point of the wire and another electrode in dilute 
sulphuric acid, using a high current density. (Colloidal graphite, 
tungsten sulphide, and oil rendeml viscous by cooling in carbon 
dioxide and ether, are used as lubricants during drawing. The 
final reduction in thicloiess, wdien the diameter is so small that the 
preparation of the diamond dies is difficult, is effected electrolyti- 
cally, the wire being first made the anode in an alkaline solution, 
which (iBUSos the formation of a layiw of oxide, and then the cathode 
in an acid bath, so that the o.x'ide is dissolveil. It is eviikmt that 
the production of such thin wires of a highly refractory metal 
introduces quite new jiroblenis into metallurgy, which have to bo 
solved by entirely novel methods, of great scientific interest. The 
producthm of tungsten lamp filaments is one of the triumphs of 
recent metallurgical science. 

CoEfto.sioN AND Protection of Metals. 

There have been no extensive researches on corrosion during the 
year, but many workers have examined minor questions and 
obtained results of some interest. The black depo.sit formed on 
aluminium when vessels of that metal are used continuously for 
heating water has been examined by J. (V.ochralski,™ who finds 
that the blackening occurs with all commercial grades of aluminium, 
that the deposit contains about three times as much iron and 
silicon as the metal from which it is formed, and that it is only in 
alkaline waters that the action takes^place. Under the microscope 
it is seen that the aluminium-iron compound is the first to be 
attacked, and that the iron is then re-deposited at some distance. 
In strongly alkaline waters, the attack is more rapid, but the 
deposit does not adhere. 

« MetaU u. En, 1920,17, 449. 

« Z. Melallk., 1920,12, 430 : J., 1921, 351a. 
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J. C. Thresh ’* shows that water alone is without action on lead, 
and that the corrosion oljserved is due to the action of dissolved 
oxygon, forming a soluble hydroxide, which either passes into a 
colloidal condition, or combines with other dissolved .substances 
to form .soluble hr insoluble load salts. Some salts are deposited 
on the metal in such a way as to prot’ect against further corrosion, 
W'hilst others are continuously removed. The curious variations 
in the rtsistance of sheet lead to attack by sulphuric acid when 
used in chemical plant have been studied by W. ii. McKellar,’* 
according to whom the })hysioal condition of the sheets is of great 
importance, intcrcrystalline brittleness being sometimes ob.served. 
Tt has not been found possibk? to establish a relation between the 
chemical composition and the resistance to acid, and the supposed 
protectiv'e value of copper as a constituent has not been confirmed. 
Inclusions of lead oxide caus(i rapid corrosion.* 

The controversy as to the nature of the erosion of marine propel¬ 
lers of non-ferrous alloys has been renewed. O. Silberrad’® holds 
that the action is a mechanical one, and can be imitated by the 
action of a jot of w'ater impinging on the propeller with a high 
velocity, an(l that the beta brasses are more resistant than those 
which are made up of two phases. On the other hand, W. Ramsay ’’’’ 
maintains that the action is electrochemical. The experiments of 
Carpenter and others have, however, made it clear that cavitation 
is responsible for the effect, which is only observed at very high 
speeds, and that ero.sion is therefore a .special type of decay, 
mechanical rather than chemical in its nature. 

ExjKiriments to test the comparative value of different metallic 
coatings for preservation against rusting and other forms of coiTosion 
have been made by W. Lange.’* Hot-dipping in molten tin or 
zine, cold electrmyiie dejmsition of zinc, tin, or lead, .spraying with 
metal by ^lo Schoop process, and deposition from vapour, as in 
Sherardising, have been systematically compare’d, with results 
which are interestftig in themselves, but do not lead to definite 
general conclusions. It is evident that coatings of very unequal 
value may be obtained by the same process by making slight 
alterations in the conditions. The method of calorisation is 
described by L. Guillet.’® Iron, steel, copper, bronzes, and nickel 
may be protected in this way. The objects to he coated are heated 
to about 850° C. in a revolving oven in a mixture composed of 
aluminium 49%, alumina 49%, and aluminiu^i chloride 2%. 
Any machining must b% performed before the metal is coated. A 

AncUyst, 1921, 48, 270 ; J., 1921, 627a. 
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superficial layer of an alloy is fornled, and this is protected by a 
firmly adherent layer of alumina. The special advantage of this 
coating lies in its high resistance to oxidation when heated. At 
temperatures of 700°-800° C. the ndetal usually lasts from 5 to 20 
times as long as if it were uncoated. i 

The Schoop process of metal spraying has now been in existence 
for about ten years, and has been greatly improved during that 
time, so that it compotes successfully with both hot galvanising 
and electrolytic processes for the protection of metal. A convenient 
form of the process is described by N. Meurer.*" The small objects 
to bo treated are jilaced in a revolving drum, in which they can be 
exiiosed, first to a sand blast in order to prepare the surface, and 
then to the metal spray from an oxy-hydrogen apparatus. Several 
modifications of the machine are described, suitable for spraying 
with diffeient mcta'.s. The application of zinc is continued for 
8-10 minutes, the objects being heated to 80°-100° C., whilst 
lead must be so applied as to form a much thicker layer, and about 
30 minutes is required. For aluminium, 60 to 75 minutes at a 
temperature of 150'’-200° G. is necessary. Thicker layers must 
bo applied if the surface is to be ground or polishcxl after coating. 
Copper may be applied, but in this case the coating is dark in colour, 
and must be brightened by dipping in nitric acid. 

Sbason'-Gbacking. 

The subject of season-cracking and of similar failures in metals 
has engagid the attention of many metallurgists during the past 
year. At the Spring meeting of the Institute of Metals, an impor¬ 
tant paper on the season-cracking of brass was contributed by 
H. Moore, S. Beckinsale, and C. E. Mallinson,** the conclusions 
reached being that such failures are always due to stresses, mostly 
internal, and aye usually connected with corrosion .by certain 
specific agents, of which mercury and ammonia are the most 
important. The cracks are intercrystalline, and start where 
the metal is in tension. Annealing at a temperature so low as to 
cause no appreciable loss of hardness will completely remove the 
dangerous stresses. The Faraday Society d&voted a meeting to 
the subject, and the papers have been published in volume form.*^ 
One interesting case of intercrystalline failure there described is 
that of lead sheathing of cables, investigated by L. Archbutt. 
This is a time effect, usually connejjted with a weak crystalline 
structure. Moore and his colleagues dealt with the process of 
low-temperature annealing, and 0. W. EUis showed how successful 

>" MetaU u.,En, 1921, 18, 384 ; Ekldmchem. ZeiU., 1921, 27, 102, 114 ; 
28. 5. 13 ; J., 1921, 8.52a. 

« J. Inst. Metals, 1921, 2S, 35 ; J., 1921, 221a. 

“ Transi Earaday Soc., 1921,17 [1] ; (J. J., 1922, 105a. 
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this treatment had been in removing trouble eaused by the cracking 
of brass rods at Woolwich, Arsenal during the war. A large group 
of papers was devoted tq steel, but the whole volume should be 
studied by those who arc interested. The facts have been estab¬ 
lished very clearty, but doubt still exists as to the explanation of 
them. Rosenhain’s theory of amorphous layers between the 
cr 3 rstals holds the field, as no other has yet succeeded in explaining 
more than a small number of the facts, but its acceptance is theoreti¬ 
cally difficult. One question naturally asked by engineers is, 
why do not all metals fail even under small stresses if continued 
during a sufficiently long time ? The study of strained metals by 
means of X-rays may throw light on the problem, and this has been 
undertaken by S. Nishikawa and G. A.sahara,““ and by E. 0. Bain 
and Z. Jeffries,** the results not being as yet oonclusive, although 
useful indications have been obtained. * 

It would bo improper to conclude even such an imperfect record 
of the year’s work in non-ferrous metallurgy as this without a 
mention of the scientific, investigations bearing on the formation 
of new crystal grains during the annealing of metals and alloys after 
cold-working. The paper on the recrystallisation of aluminium 
sheet by H. C. H. Carpenter and C. F. Elam** showed, more clearly 
than ever before, the origin of the new crystals at the boundaries 
of the old, the authors having overcome the practical difficulties 
of obtaining clearly etched structures in worked metal. The results 
were confirmed by a few observations on brass and on an alloy of 
aluminium and zinc. The conclusion was reached that the origin 
of the new crystals is always at a boundary between crystals or 
between twin lamell®. There are other observations whiiJh tend 
to show that all/retals do not behave alike, and F. Adcock** has 
succeeded in etching 80 ; 20 cupro-nickel in the worked state so 
clearly that the boundaries can be traced quite distinctly even after 
large reductions in the rolls. He uses electrolytic methods of etch- 
irig. A most remarliable advance has since been made by Carpenter 
and Elam.*^ By,straining very slightly before annealing, these 
authors have succeeded in producing such excessive grain growth 
that full-sized tensile test pieces come to consist of a single crystal. 
As might be expected, these specimens no longer exhibit the quasi- 
isotropy of ordinary metallic masses, but become deformed in a 
manner depending entirely on the orientation of the crystal to the 
applied force, with most remarkable results. Tile importance of 
this development cannot be over-rated, as it is essential to the full 

»* Phya. Rev., 1920, 16, 38 ; J., 1921, 516a. 
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knowledge of the plasticity of metals that the properties of isolated 
crystals should bo known, and practical difficulties in the way of 
testing such crystals have hitherto proved an insurmountable 
obstacle. Equally inb’resting results were obtained from such 
test pieces as consisted of two or three crystals, and light may 
thus be thrown on the still unsolved problem of the nature of the 
intcrcrystallinc boundary. 
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Ei!e( rr]io-(iii emAl and 

ELECTR().METAELIM»JT(’AL TNDl’STRIES. 

J}y J. N. 1’bin(J, D.So., 

Renfurch Departinenl, Itoijal Armial, Woohrich. 

The (‘k'ctro-choiriical and (‘Icctro-motallurgicial industries, in 
common with other industries, linve suffered from tlie continued 
industrial depression which has extended throughout the year. 
In this country blast furnaces and steel plantijhave been forced to 
stand idl(! generally, and thougli some signs of revival are now 
apparent, there has been little or no demand for the high-class 
ingot steels and alloys which were made in tlie electrio furnace at 
.Sheffield and (‘Iscwhere (hiring the war. In addition to the effects 
of the shortage of coal resulting from the disjmte which extended 
over a portion of th(‘ year, a .serious curtailment in powc^r supplies 
has also been oxperieneed in water-ppwer centies, as in the French 
Alps,''Italy, Switzerland, and Scandinavia, from tin* jirolonged 
drought. The.se factors have led to a considerable reduction in 
the output of electro-chemical products, underselling, and a fall 
in prices. In the ease of some of the main products the prices 
obtaining at the beginning and end of the year arc as follows' :— 


i Ileginning 1921. 

End 1921. 

(Jalcium carfiiile 

£20 per ton • 

£15 por ton 

Aluminium .. * .. 

£150 

£110 

FerrO'Hilicon, 45% 

tis 

£13 

Ferro-chromiuin, 0 

£37 

£25 10 

Ferro-chromium, 1°,', C- 

£100 

£91 

Ferro'tungsten, 80*^,', 

2.'(') per lb. , 

1.(5 per lb. 

Forro-manganeso .. .. ■» 

£22 per ton * 

£14 por ton 

Ferro'molybdenum, 70^',, 

7/(1 por lb. 

6 /9 per lb. 

Ferro'phosphorus, 20% .. , . • 

£48 por ton 

£18 por ton 

Ferro-vanadium, 35% . 

32/- per lb. 

20/6 per lb. 


' J. du Four Eke., 1922,81, 1. 
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The slump in the market for ferro-alloys which have a large outlet 
in armour-plate manufacture has been accentuated further by the 
decisions Of the Washington Conference^ and, particularly in the 
case of ferro-tungsten, through exports from Germany. In the 
case of calcium carbide production large works* in Scandinavia, 
such as those at Odda, have Suspended operations, and Swiss works 
have diverted power supplies to traction and lighting on account 
of the importation of carbide from countries with depreciated 
exchanges. 

With regard to electro-metallurgical practice, the main advance 
which has been made during the year is in the direction of continuing 
to apply electric furnaces to deal with wider ranges of temperature 
than were formerly considered possible. There has been an increased 
demand for electric furnaces to operate up to 2000“ (1100“ C.) 

to be used for a gifeat variety of heat-treating operations. The 
main advantages which arc thus obtained are the rapidity with 
which the temperature can be raised, and the case with which 
uniform heating can be ensured througljout the charge and the 
temperature controlled automatically. The chief applications of 
these furnaces have been in the annealing and hardening of struc¬ 
tural steel, the melting of non-ferrous metals and preparation of 
alloys, the baking of vitreous' enamel, and the annealing of glass. 
In some localities it has further been found practicable and economi¬ 
cal to utilise electric energy for generating steanj. 


Developments in Power Generation. 

The operation of electro-chemical and clpctro-mctallurgical 
processes is largely conditioned by the availability of large amounts 
of power. The progress which is being made in the cpnstrnction 
of large steam-power stations continues to counteract the disabilities 
that the lack of large water x'owers have imposed on this country 
in the past. In large industrial centres in Great Britain electric 
power is supplied at a rate w'hich enables various electro-chemical 
processes to compete with works abroad and with older fuel-heated 
processes in this country. In the North-East Coast District, 
including Northumberland and Durham, the Newcastle-on-Tyne 
Electrical Supply. Co. and other interlinked companies were, at 
the beginning o4 1921, supplying a^ total of 480,000 h.p.** The 
decreased demands due to cessation of work in munitions factories 
and other war industries were, in spite of the trade depression, 
made good by industrial demands. 

With refercn6e to water powers, the position in this country is 
discussed at length in the Final Report pf the Water Pow’er Resources 

* WtctricUm, 1921, 87, 258, 286. 
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Committee of the Board of Trade, which has recently appeared.“ 
It is concluded by this. Committee that in Great Britain some 
210,000 k.w, could be developed continuously from potential w'ater 
powers at an economic rate. This output is about 40% of the 
total units generated during the year 1917-18 in the 410 steam power 
stations for electricity supply and for electric railways and tramways 
in Great Britain, and represents the equivalent of some 3,000,000 
tons of coal consumed in power production. This estimate does 
not take into account the power to be derived from potential water 
resources, for which the Committee has insufficient data to enable 
(!stimates to be deduced. As for Ireland, the Sub-tlommittee 
estimated an available continuous potential water power of 
113,000 kw. The Committee reiterates its previous recommen¬ 
dation with regard to tidal power schemes, viz., that this subject 
should be specially studied by a technical com*mission, with particu¬ 
lar reference to the Severn Estuary, in connexion with which a 
considerable amount of information has already been accumulated, 
and which is believed Jo present the best prospect of success in 
comparison with other tidal schemes. Scotland is shown by 
the tlommission to offer a number of comparatively large schemes. 
Nine of the more immediately promising of those examined have 
an average output ranging from 7to) to 40,WO continuous h.p., 
and an aggregate capacity of 183,000 h.p. In North Wales a 
number of attractive schemes are available, though those are 
in general more expensive than those in Scotland. In England 
there are no schemes of any largo individual magnitude except, 
possibly, around Dartmoor. It is expected that, in the near 
future, the Loohaber scheme will be developed whereby 72,000 
eontinuous h.p^will be generated and employed for the manu¬ 
facture of almmimum' 

In a liresidcntial Address to the Engineering Section of the 
British Association,* A. H. Gibson gives statistics of the potential 
and developed w^ter power in different countries. The available 
water powbr of the world is showm to be of the order of 200,000,000 
h.p., of which approximately 25 millions is at present develop«)d 
or in course of deyclopment. An increasing proportion of water 
power is being used for electro-chemical and electro-metallurgical 
processes. In Norway, for instance, the electro-chemical industry 
in 1918 absorbed 770,000 h.p., or approximately 76% of the total 
output. Of this some 400,000 h.p. was utilised i* nitrogen fixation 
alone. According to»H. A°. Winne,* the total installed kv.-a- 
capacity of electric steel furnaces in United States in 1921 amounted 
to 400,000 h.p. 

’ H. M. Stationery Office, London, 1921 ; J., 1921, 43RK. 

* “ Notes on Water Power Development,” Report of 1921 Meeting, 
pp. 110-124. 

® Gen. Elec. Rev., 1921,24. 610. 
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Bficent progress in hydro-eloctric development is mainly notice¬ 
able in the increase of the size of individyal turbo-generator units. 
In the Queenston-Cheppawa project at Nijigara Palls, units having 
a maximum capacity of 55,000 h.p. under a head of 305 ft. are, 
at the pre.sent time, being installed. In the case Af low-head tur¬ 
bines, important progress is being made in increasing the speed of 
rotation, the low value of which has so far offered a serious limitation 
with these turbines. 

Tidal Power .—It is pointed out by Prof. Gibson that the power 
obtainable from the suggested Severn installation alone for a period 
of 8 hours daily throughout the year, would be of the order of 4.50,000 
h.p. The only practicable means of utilising tidal energy on any 
largo scale would appear to involve the provision of one or more 
dams, impounding the water in tidal basins, and using it to drive 
turbines. The interihittent supply thus obtained would involve 
the adoption of some form of storage system or the operation of 
intermittently-worked electro-chemical proeesse.s. 

In France, a special commission has Jieen appointed by the 
Ministry of Public Works to consider the development of tidal 
power, and it has been decided to erect a 3000-kw. experimental 
plant on the coast of Brittany. 

A detailed description, with illustrations and diagram.s, of water 
powers from geographical, engineering, and indu.strial aspects has 
been given by F. Robinson.® This discussion includes an outline 
of all the main water powers which have been developed or are 
under consideration in different countries. 

G. Fox and F. H. Willeox’ discuss recent developments in the 
generation of power from blast furnace gas. The teihnicpie of the 
handling and cleaning of the gas is described, .numerous recent 
installations are cited, and the developments in design are 
summarised. , 

Laboratoby and General Electric VruNACES. 

E. Griffiths * gives a detailed description of the different types of 
laboratory and industrial furnaces at present in use. These include : 
(1) wire or ribbon-wound tubular furnaces, (2) graphite spiral fur¬ 
naces, (3) carbon tube furnaces, (4) tungsten and iridium tube 
furnaces, (5) zirconia-yttria tube furnaces, (6) granular resistance 
furnaces, (7) induction furnaces for low and high frequency, (8) 
arc furnaces, (9) cathode-ray furnaces, 

F. Rawlinson* gives a general outline of tie principles of electric 
smelting furnace operation, with diagrams of different types. 

« Bemna, 1921, 9 , 224, 3.51, 451. 

’ 'Power, 1921, 64 , 706. 

« Beama, 1921, 9 , 12, 145, 254. 

" Beama, 1921, 8 , 14,140. 
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M. Oillot and M. V. Guillerrain give a general discussion on 
electric furnace operation including current supply and the proper¬ 
ties of electrodes and linings. 

The Tagliaferri furnace,’* whicdi has been recently introduced, 
is of the arc ty^ for use with thren-phase current. The arcs arc 
formed between vertically-suspended electrodes and either the 
surface of the bath or auxilliary side electrodes. The voltage between 
each pha.se is 100 to 130. Units have been constructed up to a 
capacity of 30 tons. 

R. F. Northru])deserilx's the design, operation, melting rate, 
and power input of furnaces using high-frequency inductive heating. 
Recent progress is outlined and a description given of various 
types of furnaces in sizes up to 00 kw. The furnaces consist of a 
cylinder of flattened copper tubing wound edgewise, the inside of 
which is fitted with a refractory cylinder containing the metal 
to be heated. Current of a periodicity from 10,000 to 25,000 cycles 
per second is applied to the cylinder and the heat is generated 
in the centre by the “ c*ldy ” effect. 

A new type of induction furnace designed by the General Electric 
Company ” employs a jwimary winding above the bath and in clo.se 
proximity to tlu^ metal. The reaqtance is thus lowered and the 
use of a current of normal j>eriodieity made jiossible in place of 
the low periodicity of the otlnr tyjies of induction furnaces. In a 
unit of 2 tons capacity, consuming 2.')0 kw., when melting down 
scrap, the energy consumption measured at the transformer 
terminals is 775 kw.-hours per ton of inetal formed and the time per 
heat is 2| hrs. An improvement in the refractory lining has 
enabled ovei' fiOO heats to be obtained during a run e’xtending 

over 3 months./ 

« 


Electrodes. 

According to J. W. Richards'* tins Soderberg electrode is rapidly 
replacing the older types. In Norway, at one of the metallurgical 
plants, an electrode of this type carries 1000 amps. At an electric 
steel plant a tiltiitg Heroult furnace is equipped with these elec¬ 
trodes which are fed in sections 2 metres long. At another plant 
large aluminium-cased Soderberg electrodes up to 18 inches square 
have been applied to aluminium cells. The consumption of the 
electrode in the bauxite ba^i is very imiform, the end of the elec¬ 
trodes remaining parWlel. 

’* Foundry Trade J., 1921,23. 535. 

“ J. du Four Elec., 1921,80, ^3. 

« Chem. and Mel. Eng., 1921,24,1097 ; J., 1921, 220a. 

” Iron Age, 1921,108,344.* 

’* Chem. and Met. Eng., 1921, 26. 687. 
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Electrode Regulators, 

An improved type of automatic olech'ode regulator has been 
introduced by the General Electric Co.by which a notably even 
load is obtained in the power circuit when operating arc furnaces. 
A further new type of regulaVu which responds rapidly to fluctua- 
tions in the resistance and thus offers a steady load to the power 
supply, is that recently applied by Mylius.'* 

Electbic Smelting oe Iron Ore. 

Recent developments of the works at Domuarfvet, in Sweden, 
are descrilx'd by G. Do Goer.*’ During the war it. was nece,ssary 
to abandon the manubicturo of coke ])ig-iron on account of the 
shortage of fuel. At the present time six electric pig-iron fui'naces 
are built or in course of construction, live of the Elektrometall 
and one of the Helfenstcin type with a total capacity of 31.000 kw. 
Electric steel furnaces are also being installed for melting cold 
scrap. Experiments made to dispense with charcoal have shown 
that good results are obtained with mixtures of 50‘J-;, of coke and 
50% of charcoal. With a higher proportion of coke the output 
decreased and results obtained were poor. The difficulty with 
coke in iron ore furnaces is mainly due to its graphitisation, which 
leads to too great a fall in resistance and is found to take place 
to a greater degree when the charge descends too slowly. It is 
considered that this defect should be obviated by a suitable modifi¬ 
cation in the design of the furnaces, which hav<' hitherto been 
constructed mainly for use with charcoal. 

J. Herleniusi® gives a brief description of the constructional 
details of the Swedish electric pig-iron furnaces, and the results 
of its use in commercial practice are summarised. Units range in 
size from 2200 to 8000 kw. The methods of starting, operation, 
electrodes, and gas circulation are discussed. In high-powered 
furnaces sulphur can be successfully eliminated when xiroducing 
grey iron. 

Noteworthy plants for the electrical smelting of a local haematite 
ore and for the electrical manufacture of steel arc being installed 
in Brazil to be operated from a water ppwer.** The Elektrometall 
type of electric pig-iron furnace is being employed with the modifi¬ 
cation that the diameter and height of the shaft will be reduced, 
as the Brazilian charcoal is very much denser than that made from 
the northern conifers. The pig-iron will ^ be treated first in a 
Bessemer converter and then finally refined in a 6-ton Ludlum 

“ Gen. Elec. Mcv., 1921, 84, 833 ; 1922, 25, 19. 

Electriciany 1921,87» 517, 

and Met, Eng., 1921,24, 429. 

“ 1921,24,108. 

JWef., 1921,25, 1057. 
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electric steel furnace. This furnace is operated by three-phase 
current and has three electrodes set in a row over an oval-shaped 
accessible hearth with idoors at each end and a removable roof. 

In the Belgian Congo electric smelting of a local iron ore is being 
undertaken at Hhe Lubudi Falls, which yields 16,000 h.p. con¬ 
tinuously.*® ’ 

A works has boon established by the “ Akt. Norges Stal ” Co., 
near Trondhjem,*^ for the direct reduction of iron ore in order to 
obtain iron of similar quality to electrolytic iron. Reduction is 
effected in a shaft house by gas, which first passes through a high- 
tension electric furnace similar to the Birkeland furnace. It is 
proposed to construct a unit of 3000 kw. 

At Aosle,** a works is in course of construction by the Sooiete 
Ansaldo for the electric smelting of the magnetic iron ore deposits 
of the Val de Cogne. Two electric shaft* furnaces have been 
installed. Steel, ferro-alloys, and electrodes will also be manu¬ 
factured here. 

EnEOiTRic Steel Furnaces. 

J. B. C. Kershaw** discusses the position of electric steel and 
recent developments in the mechanism of the Heroult and the 
Gronwall or “ Elektromotall ” types of furnaces. A description 
is given of the Russ electric arc furnaces as designed in Germany 
and chanicterised by possca.sing a modified typo of electrode. In 
Great Britain the small furnace of 5 to 7 tons has been found the 
most useful and economical shxce the usual ajyplication has been 
for the melting and refining of cold scrap, while in America, Ger¬ 
many and France, the custom has been to use electric fjirnaoes, 
of 25 tons or more capacity, for the final refining of molten metal 
from the BosserAt converter or open-hearth. 

Two 40-ton Heroult steel refining furnaces which were brought 
into operation at the U.S. Naval Ordnance plant. South Charleston, 
W. Va., in Februivry, 1921,** mark a considerable step forward in 
the electroipetallurgy of iron and steel. These furnaces are operated 
in conjunction with two 75-ton basic open-hearth furnaces using 
natural gas of 950-1000 B.Th.U., and, after dephosphorising, 
the molten steel is l!tansferred to the basic-lined electric furnace to 
be desulphurised, deoxidised, and brought to the final temperature 
of 1650° C., when the metal is tapped into the ladle. The total 
metal losses, including slag losses, handling mofal, etc. are stated 
to be as low as l-ll% in the electric furnace, as coraj)ared with 
8-12% in the open-hearth furnace. One of the furnaces is fitted 

** J. du Four Elec.t 1921,30, 86, 

/6id., 1921,80,141. 

** Ibid., 1921,80, lOR 

“ Electrician, 1921, 87 , (’>36.* 

** J. A. Seeds, Gen. Elec. Rev.. 19.21,24, 833 : 1^22, g6,19,.. 
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with 24-inch carbon electrodes and the other with 14-inch graphite 
electrodes, thus giving current densities,of 46-8 and 137-5 amps, 
per sq. in. respectively, with the transformer at its maximum 
output of 21,200 amps, per phase. Each three-phase transformer 
gives 17,300 amps, per phase with 110 volts between phases, or a 
total of 3300 kv.-a. By moans of tappings in the high-voltage 
windings, 21,2(K) amps, per phase can he supplied at 00 volts 
between each phase. 

The Newkirk type of furnace which has been introduced recently 
contains three suspended graphite electrodes for three-phase 
current and a metal hearth electrode embedded in the furnace 
lining and connected to the neutral point of the transformer.*''' 

R. Moldenke*” discusses the relative advantages and costs of 
refining from cold metal, and by the duplex treatment. A descrip¬ 
tion is given of the coMitions for the control of sulphur, manganese, 
and phosphorus content, the advantages of acid and basic hearths, 
and th(^ influence of the temperature of tapping. 

A. Stansfield*’ gives a classification qf electric steel-making 
furnaces and discusses their general features, relative merits, and 
the advantag(!s of hearth-electrode arc furnaces. 

L. J. Barton** describes experiments made with three forms of 
furnace bottoms, the methods of building bottoms, and experiments 
with roof and side wall linings. 

A method ha.s been devised by J. W. Moffatt** for preparing 
steel direct from ore. The process is adapted for treating low-grade 
and inferior iron ore. The finely-divided ore is reduced first to a 
sponge by means of furnace gases and is then smelted in an electric 
furnace to steel. The power expenditure is stated to be 700-750 kw.- 
hrs. per ton of steel as compared with 2500 ki\;.-hrs. in Swedish 
practice. 

, Electeolytic Iron. 

W. E. Hughes** reviews the methods employed in the electro- 
deposition of iron particularly from sulphate, chloride, aiwl sulphate- 
chloride solutions. Tl(e chloride bath allows of greater current 
density and is a better conductor than the su],nhate solution, but 
has the disadvantage that a higher temperature of working is 
necessary whereas the sulphate solution can be worked at ordinary 
temperatures. Th,e deposited metal oxidises more rapidly with a 
chloride bath th^n with a sulphate solution. A slight acidity, 
especially when using sulphate solutiofis, improves the conductivity 

Iron Age, 1921,107,691. 

Ibid., 1921,107, 437 ; Foundry Traded., 1921, 23, 221. 

^ Blast Fumaee and Steel Plant, 1921,0,263, 324, 381,488. 

1921,108,581. 

« Ibid., 1921,107, 1450. 

Trc^. Amer, Ekctrochem. Soc., 1921,15; J., 1921, 626a. 
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and hinders oxidation of the bath. A greater degree of acidity 
impedes cathode effioioncjr and causes diminution in the ^ain size 
of the deposit, accompanied by increased hardness and brittleness. 

A process introduced l?y F. A. Eustis and C. P. Perin’* is being 
applied for the ilcctrolytic extraction of iron from solutions of ore. 
The Blcetrol 3 de is ferrous chloride,’the anodes are of graphite, 
current density 50 amps, per sq. foot, and the cathode is a rotating 
mandrel on which the iron is deposited as a tube, or consists of a 
travelling belt. Ferric chloride, which is formed in the anode 
compartment, is used again for leaching the sulphide ore, thus giving 
a cyclic process. 97of the iron, and 90% of the sulphur are 
said to be extracted. The process is being worked commercially 
at Grenoble for the production of boik r tubes. The metal deposited 
on the rotating mandrel contains 9!l-97%Fe, and is afterwards 
annealed to remove embrittling hydrogen. • It is then stripped 
and used as a boiler tube, (other with or without drawing through 
a die. The current expenditure amounts to J to |^h.p.-year per 
ton of tubes. The material produced is particularly soft, due 
partly to the low carbon content (about 0-008%), and can be 
drawn through a die five times without annealing. The metal is 
highly resistant against corrosion. 

A plant for the preparation of electrolytic u-on, giving an output 
of two tons a day has also been installed by the Western Electric 
Go., at Hawthorne, III., U.S.A. The metal is employed in telephone 
construction. The electrolyte consists of ferrous sulphate and 
chloride and ammonium sulphate. The anodes are of mild steel 
and the cathodes of polished sheets of stool from which the deposit 
is stripped wh(in it has reached a thickness of i to J in@h ; the 
current density i^about 12 amps, per sq. foot. 

Fbbro-Alloy.s. 

Among the ferro-alloys which have recently acquired considerable 
importance may b* mentioned ferro-silicon in its application to the 
production ,of special grades of sheet steel that arc now used in the 
manufacture of motors, generators, and transformers. Of the 
other ferro-alloys, all are used in the manufacture of high-grade 
alloy steels and several have special uses, such as ferro-chromium 
in the manufacture of stainless and corrosion-resisting steels, 
ferro-vanadium in spring manufacture, and both alloys, together 
with ferro-tungsten, ferro-molybdenum, and ferfo-uranium, in the 
production of high-speed steels.-’* ’ 

In the manufacture of ferro-manganese, according to R. M. 
Keeney,“ the electric furnace gives, for the same grade of ore, 

« Iron Age, 1922, 109, 22 ; CTiem. and Met. Eng., 19S1, 26. 689 j 1922, 
28, 128. 

^ J. A. Seede, Gen. Elec. Rev^y 192I» 24,522. 

w Min. and Met.y 1921, No. 170, 31 ; J., 1921, 304a. 
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at least 5% greater recovery than the blast furnace, and at the 
present price of coke, fuel and power costs balance. Among the 
general operating difficulties encountered with the electric furnace, 
formation of carbide is the most serious. This tendency is found 
to be modified by the use of lignite as a reducing agent in preference 
to anthracite or bituminous coal, and also by not attempting to 
produce a slag containing less than 12% of manganese. The 
manufacture of ferro-manganese containing 7.3-6% Mn has boon 
conducted in the XTnited States in an electric furnace of 1100 kw. 
capacity by smelting ore containing 34-8% Mn and 13-2% SiOj 
with an average power consumption of 4990 kw.-lirs. per gross ton. 
The electrode consumption has been reduced to 141 lb. per ton of 
metal. A new type of furnace for the manufacture of ferro-tungsten 
has been introtluced by J. C. Dailey.’* This consists of a rectangular 
container open at the top with the hearth only of refractory bricks. 
Two cylindrical electrodes are used which, together with the hearth, 
are operated by two-phase current. 817 kg. of ferro-tungsten 
with 75% W is given per 30 hours, representing 3-5 ku-.-hrs. per 
kg. of tungsten. Acid working (by using silicious slag) gives 
better yields as the tungsten has loss tendency to pass into 
the slag. 


Electric Smelting of Zinc Orbs. 

In an extension of the electric smelting plants at Trolhattan, 
in Sweden, and Sarpsborg, in Nonvay, a new installation is being 
built at Glomfjord, which will have a capacity for smelting 60,000 
tons of ore per annum.” 

The system now generally employed in Scandinavia consists of 
resistance furnaces run at high temperatures in place of the arc 
type, the lead being completely volatilised together with the zinc, 
and condensed as a powder by rapidly cooling and fina'ly refined 
by redistillation in an electric arc furnace. The works at Trol¬ 
hattan is stated to employ 13,000 h.p., the energy expenditure 
amounting to 1-2 kw.- 3 n's. per ton of zinc from roasted blende 
containing 33% Zn. In a process of Thoraldsen in operation at 
Bergen, using ore with 60% of zinc, and a resistance type of furnace, 
one ton of metal is stated to be produced per 0-46 kw.-yr.’* An 
important advantage in electro-thermic smelting is the recovery of 
the by-products in the form of lead bullion and copper matte. 

J. W. Richards*-’ announces an invention of Cornelius which is in 
operation for conglomerating blue zinc powder by rubbing. This 
product, which contains 20% Zn, is then redistilled. 

” J. du Four.Elec., 1921,80,105. 

** W. R. Ingalls, Trans. Amer. Electrochem. Soc., 1921, 165. 

■ «’ J. du Emir Elec., 1921, 30, 113. 

«’ Trans: Amer. Electrochm. Soc., 1921; of. E.P. 170,026; J., 1921, 854a. 
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The Fulton process, which has been brought into operation at 
East St. Louis,®* consists^ in mixing the zinc ore with coke and 
forming into briquettes These are given a preliminary heating 
by means of oil burners, the oxide is reduced, leaving a skeleton 
mass of the origmal form of the briquettes. The material is then 
built up to form the resister of an Aeotric furnace and the zinc 
distilled by electrical heating and condensed. 

Electrolytic Zinc. 

The economy which has been obtained with electrolytic zinc 
extraction at Great Falls, Trail, and Risdon, in connexion with 
low-grade and complex ores, has been such as to promise its applica¬ 
tion to high-grade ores and employing fuel-generated power. It 
is considered*® that the amount of fuel consunvid in the generation 
of power required for the liberation of one ton of zinc elcotrolytically 
will be no greater than that needed in a modern retort plant for the 
reduction and distillation of this amount of metal. 

Advantages secured by*the electrical method in comparison with 
the retort process include the extraction of a higher percentage 
of metal; the possibility of treating fines, which are necessarily 
obtained in a concentration process, and lower grade concentrates ; 
the presence of lead and iron in the ore is much less detrimental; 
a metal of higher purity is obtained; the labour required is only 
about one-^iird. 

According to W. R. Ingalls,*® the electrolytic process produces 
a high-grade zinc at less cost per ton of ore than in the electro- 
thermic method. The limitations of the electrolytic process how¬ 
ever, are that it must be conducted on a largo scale and the capital 
cost per unit of cafl'i' if y is greater than that of the ordinary distil¬ 
lation plant. Experimental work now proceeding at Anaconda 
and Great di'alls is being devoted to the reduction of losses of 
insoluble zinc by mpre careful control of roasting and to improve 
the extractiop by better design of leaching plant and flowsheet. 

A process of Tainton and Pring,** which has been brought into 
operation at Martinez, California, is characterised by the use of a 
high current density, Amounting to 100 amps, per sq. foot of cathode, 
a high concentration of free sulphuric acid, which may amount to 
27%, and the possibility of working in presence of metallic impuri¬ 
ties such as arsenic and cobalt. The electrolyte, prepared by leach¬ 
ing the roasted ore, and adding spent electrolyte, contains initially 
70 grams of zinc per li^re. This is circulated through the cells 
until the zinc falls to 30 g. per litre and is then applied for the 

** da four 1921,30,106! • 

»* F. Laist, CItem. and Met. Eng., 1921,25, 764. 

*" Trans. Amer. Ekctrochem. She., 1921, 166. 

“ Trans. Armr. Inst. Mm. Met. Eng., 1921, No. 1073, 62. 
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leaching of fresh ore. The average current efficiency obtained is 
89% and the average voltage 4 volts per coll. The spacing of the 
electrodes is 1 in. from this fac* of the lead anode to the face of 
the cathode. One pound of zinc requires 1'77 kw.-hrs. in electrical 
energy delivered to the cells. Comparatively iven and smooth 
deposits are obtained up to a thicluiess of J in. 

An electrolytic process has been operated at Swansea, whereby 
a metal containing !)!)-95% of zinc is produced. Low-grade ore 
is roasted and the sulphur dioxide applied to the manufacture of 
sulphuric acid. Klectrolysis is conducted at a current density 
of 3 amps, per sq. dm., and a voltage of 3-5, and proceeds for two 
days. An energy efficiency of 90% is obtained. The anode used 
is of lead and the cathode of aluminium. The power expenditure 
is 4000 kw.-hr.s. per ton of zinc. 

The electrolytic zinc plant in operation at Risdon, near Hobart, 
Tasmania, for treating Broken Hill deposits, is designed for the 
aimual production of 20,000-25,000 tons of zinc. In August, 1922 
the works will be in full ojK-ration, producing .50,000-1)0,000 tons 
of refined metal per annum.Water power has been developed 
by the Tasmanian Government at a cost corresponding to £2 per 
h.p.-yr. 

A process for the electrolycic extraction of zinc which is in oper¬ 
ation in Japan is described by M. Nainba.** 


Elbctbic Furnaces for Heat Treatment of Metals. 

In a number of recent designs furnaces have been specially 
adapted to the treatment of sheets, steel chains, automobile parts, 
axles, bolts and nuts and small parts for ae-oplanes as well as 
non-ferrous and other products. 

Electric furnaces for the treatment of brass and bronze developed 
very largely, especially in America, as a result of the pressure of 
war demands. An advantage obtained by them is the ability to 
work with a neutral or reducing atmosphere over the bath and thus 
prevent oxidation losses. 

The following types of furnaces are now in successful use “ ;— 
(1) The direct arc furnace of which the Snyder is the only 
representative. (2) The indirect arc furnace of which the Renner- 
felt and Detroit are the most successful examples. (3) The vertical 
ring induction furnace of which thq Ajax-Wyatt is the best known 
and most successful. (4) The granular resistance furnace of which 
the Daily is the only example. 

« J. du Four Eke., 1921, 80,16. ■ 

. “ J., 1921, 48r. 

•• J., 1921, 279t. 

“ 0. B..C. Kershaw, Engineer, 1921, 181 , 48. 
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The Ajax-Wyatt'*® furnace, wJ'ich is of the induction tyi)e 
combined with the pinch-effect " plienomcnon first studied by 
Hering, is reported to bu tlie most efficient as regards use of power 
and the lowest in running costs, but ])ossesses the disadvantages of 
requiring to be eliirged w'ith molten metal and of not being adapted 
for intermittent use. Further, no retraetory lining has been dis¬ 
covered that will withstand the action of alloys containing over 
3% of lead. The Baily furnace is the type of which there are the 
largest number in operation in the IT.S.A. 

The Snyder type is particularly suited for use w'ith mechanical 
charging, and has a large output with a low ])ow(!r consumption, 
but is only suitable for the pure bronzes or similar alloys containing 
5% or less of zinc. 

The Rennerfelt or any other stationary or indirect arc furnace 
is stated to be the most applicable to altoys low’in zinc, and is being 
used in the United States for melting cupro-nickel, bronze, and 
silver. 

The Detroit, or rocking type of indirect arc fui nace is applicable 
to alloys of any zinc content, gives a low power consumi)tion and 
can be mechanical ly charged. Data in rehwence to the dif[(‘rent types 
of furnaces in this connexion are given m the following table ;— 


I'ypu of 
fiiruaco. 

Power 

rood., 

Charge 
of metal 

Output per day 

111 tous. 

I’ower 

con¬ 

sumption 


kw. 

ill 11). 

10 lies, j 

24 brs. 

in kw-hrs. 
]>or ton. 

1. Ajax-VVyatt 

30 

300 

1 to 1 1 

3 to 31 

325 

(yellow ^ | 

• 1 

()0 

000 

21 to 3 

() to 7 

275 

2. Baily (yeWow aiwl 
rod brass) 

105 

i 

j 800 to 
1500 

21 to 31 

Odo 10 

475 

3. Snyder (bronze) 

100 

300 

t 

(iOO 

2000 

U 

12 to 18 

f ^ 

X 

' o 

4. Ilennorfolt (red 

100 

.500 

11 


475 

brass and bronze 

12,5 

1000 

2 to 21 

7 to 10 

400 

and bearing metal) 

300 

2000 

1 

ffi to 10 

• 

— 

6. Detroit rooking 

t 

40 

12-> 

i 

31 


400 

(yellow and rod 

22.5 

1.300 

H 

332 

brass) 

300 

2000 

0 to 7 

K) to 20 

• 

287 


Nos. 3, 4, tuid 5 use froiii 2J Ib, to 6 lb. of graphite electrodes per ton of 
metal charged. 

*“ G. H. Clamer, J. Amer. Inst. Elec. Eng., 1920, 39, 1042. 

• rr 2 
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It will be noted that there is a wide range of power consumption, 
and that the efficiency of each type of furnace in this respect increases 
with the size. 

A further type of resistance furnace has been recently introduced 
by the General Electric Company.Heating is dllccted by means 
of heavy metallic windings supported in refractory insulators on 
the inner walls of the furnace chamber. The pitch and length of 
the ribbon convolutions can be made so as to concentrate or distri¬ 
bute the heating effect as desired. This furnace has been applied 
largely in America for the treatment of gun forgings, 22 units being 
installed during the war. A large furnace of this tyjie is at present 
under construction in an ordnance plant of the TI.S. Government, 
having dimensions of 8 to 10 feet in diameter by 105 feet deep 
with a connected load of 2700 kw. Several of these heat-treating 
furnaces are also in’use in other countries, notably Canada, France, 
Spain, Norway, etc. 

According to H. W. Gillett “ the total number of electric furnaces 
in operation in the U.S.A. in January, 1921, melting non-ferrous 
metals was 318, with a total capacity of 42,350 kw. Electric 
melting is well established on brass and bronze, nickel-chromium, 
and similar alloys, and to a minor extent for meltuig aluminium. 

A number of new tyj)os of'muffled arc furnaces have been intro¬ 
duced by the General Electric Go. and supplied for melting brass, 
bronze, and similar non-ferrous alloys. 

H. M. St. John describes the, advantages gained by the use of 
large electrically-heated melting units, with close<l melting chambers, 
which are practically free from oxygen and producte of combustion, 
thus producing a more uniformly high quality of pro<luot, with loss 
labour and loss metal wastage than have jiroviously been obtainable. 

W. J. and S. Green discuss the conditions requisite for producing 
tool steel in the electric furnace. 

A. D. Dauch^’’ describes automatically-controlled furnaces used 
for heat treatment and annealing of variouit automobile parts. 
The advantages which are obtained by rotary electric furnaces 
over the oil-fired typo for continuous heat-treating, annealing, 
and carbonising are also pointed out.‘“ 

In its application to the melting of silver the electric furnace 
eliminates the high cost of crucibles and the employment of an ex- 

E. F. Cone, iron Age, 1921,108, 943. 

Tram. Amer. Electrochem. Soc., loil, 277 ^ J., 1921, 701a. 

“ H. A. Wiime, ibid., 1921,263. 

“ Ibid., 1921, 65. 

“ Iron Aye, J921,108, 669. 

Eorg. Heat Treat., 1921,7, 625. 

EUc. World, 1921,78, 665. 

“ H. A. de Fries, Tram. Amer. Electrochem. Soc., 1921,199. 
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perienced melter, which are essential to gas or oil-fired crucible 
practice. Further advantjiges are the high pouring temperature, 
which can be so readRy, attained in the case of an electric 
furnace, and thO|adjustment that can be made between pouring 
temperatures of bar silver (1033°-1093° C.), and of rolling mill and 
casting silver (1223°-1304° (1.). A Rennerfolt electric furnace of 
10,000 oz. capacity and consuming 100 kv.-a., is in use at 
the Philadelphia mint for the melting of silver. The power 
consumption averages ISOkw.-hrs. per ton of metal. 

In the melting of nickel silver considerable advantages have 
been obtained by the use of the ek^etric furnace.'’'^ 

Electric Smeltino of Tin Ore. 

Furnaces at present in use for the elootric smelting of tin ore 
are the Wile furnace and a ty])c described by fl. Krebs.In this 
method ore and coal are charged into a trough furnace provided 
with a low charging shaft and brought to a molten condition by 
means of current inti’odiic^d through two or more electrodes dipping 
into the bath. The metal is tapped from the bottom. The tin 
content of tlu; slag can be reduced as low as 0-3%. 

Oaloium Carijidb. 

The manufacture of calcium carbide is stated to show signs of 
increasing,” but is hardly being maintained in countries other than 
those with a depreciated currency such as Germany, Austria, and 
Czecho-Slovakia, or else in countries having a largo consumption 
or high tariffs such as France, Italy, Spain, and Canada. England 
consumes 20,000-30,000 tons of carbide per annum, most of. which 
is imported, half coming from Norway. The two English works 
are the British Carbfde h^actorics. Ltd., with a capacity for producing 
6000 tons per annum, and the British Cellulose and Chemical Manu¬ 
facturing Co*., Ltd., with a capacity of 40,000 tons.* At the latter 
factory the manufacture of carbide has been suspended since 1920. 
Power is genorated from steam at a reported cost of £10 per h.p.-yr. 
or £6 per ton of carbide. Under these conditions the process is 
not at present able tp compete with water power from countries 
abroad, except with tariff protection. Calcium carbide is used 
by the British Cellulose Co. for the generation of acetylene employed 
at present in the synthetic iiroparation of artificial silk, of which 
the daily output is now about one ton, and the manufacture of 
celluloid which is making good progress. 

Extensive developments have taken place in recent years in the 
manufacture of acetic acid from calcium carbide through the 

“ F. C. Tliompson, ibid., 259. * 

MeUdl It. ISrz, 1921,18, 77 ; f, 1921, 305a. 

" J. du Four Elec., 1921,30, 136 ; 1922,81, 3. 

J., 1921, 224*. 
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intermpcliatc ])roduotion of acetylene and acetaldehyde.'’' Large 
quantities of acetic acid wore made in. this way during the war 
period to supplement or replace supplies, rtormally obtained by the 
dist illation of wood. The largest installations for, this manufacture 
were erected at Shawinigaq Falls, flauada, in Germany, and by 
the British ('ellulo.se tio. at S)>ondon. In this country the manu¬ 
facture has been abandoned on account of the high ])ri(!p, of carbide 
compaiTsI with that of imported acetic acid, but in other countries 
the synthetic acid can be produced at a price which allows of 
com])etitiori with the wood distillation ju'ocess. The different 
prois'sses in use, which vary only in detail, arc! based on the reaction 
which tak(!s place when acetylene is passed through a solution of 
mercuric sulphate in sulphuric acid, thus giving acetaldehyde which 
is then oxidised to acietic acid by passing together with air or oxygen 
over a catalyst of mangancs.se acetate. 

(lAuaiiM Cyan AMIDE. 

The cyanamidc' industry reached cno-mous dimensions during 
the, war as being one of the most economical methc.ds of preparing 
ammonia on a large scale. Though its ajijilication in this connexion 
is now in abeyance, it still regains a large and growing outlet as a 
fertiliser either a]i])li(!d directly or after conversion into other 
dewived compounds. 

The advantages and disadvantages of the presence in the final 
product of calcium chloride and fluoride which arc added to the 
furnace charge to serve as catalysts are discussed by H. Gall." 
The residual amount of carbide in the cyanamidc has been reduced 
to 0'3%. In applying to agriculture, the method of adding water 
or oil to the jiroduct to overcome the harmful effect of the 
presence of lime during handling has been abandoned in favour 
of methods deyoted to granulation. 

New derivatives ])reparcd from cyanamidc inplude “ Ammophos,” 
which consists of a double phosphate of calcium and ammonium, 
prepared by condensing ammonia in a solution of monocalcium 
phosphate. Ui ea is made in Savoy by direct conversion of cyan- 
amide, by susiiending in water and exposing tl. the action of carbon 
dioxide obtained from the calcining of the original limestone. 
The free cyanamidc which is thus obtained is hydrolysed by the 
addition of a mineral acid, ])referably sulphuric acid. 

Refractories for Electric fruENAciEs and Abrasives. 

Experiments made at high temperatures with a number of refrac¬ 
tories by R. M. Howe showed that under a pressure of 50 lb. per 

' " J., 1921, 34r)E. 

" J.daFour£;cc„ 1921,30,131. 

“ J. Inst. Metals, 1921, 25, 455. 
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sq. in., all the materials tested yielded at or below 1650° C., with 
the exception of carbortqidum. Silica probably fails by shear 
at the temjierature, bei«j^ rigid at 1500° C. The specific heats of 
several materials^ at 100° and 1000° C. are given, all showing an 
increase with temperature. Fireclay and electric furnace products 
are found to be only slightly affected by sudden changes in tempera¬ 
ture. Silica, magnesia, and chrome brick must be heated slowly. 


SUMMAKY OF AVICBACK CBOSS-BIIEAKINO STEENOTHS. 



Modulus of rujiiuro, 
lb. iMir sq. III. 

Katio. 

R. at 1350® 

20" C. 

l.l.'iO” C. 

• 

K. at 20° C. 

Recrystalifiod carbonmduin 
(Refrax) . 

2312 

2437 

1*05 

Bonded carborundum— 

Oarbofrax A 

2103 

2274 

1-08 

Carlwfrax B .. 

2 (>r,i 

2129 

0'80.5 

Carbofrax C 

22 ir> 

1918 

0-86G 

Silica No. 1 

008 

145 

0;228 

> 

Silica No. 2 ?. 

491 

178 

0-363 

Magnesia .. .. « .. 

1388 

13G 

0098 

Fireclay .. 

6or> 

113 

0170 

Bauxite .. 

1315 

99 

0-075 

Chrome 

1392 


0-014 


especially at low temperatures, if spalling is to be avoided. After 
the first heating, however, fjiey arc improved in this respect. 
Silica bricks arc found to give good service in roots and zirconito 
brick has been largely recommended for electric furnaces on account 
of its high fusion point, low conductivity, and marked resistance to 
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fluxes. It is necessary, however, that the zirconite should be 
purified from iron oxide and other imparities and given a severe 
heat treatment before use in order to eliminate shrinkage. Carbor¬ 
undum and alundum offer good possibilities for service in roofs, 
as they have all the qualities of a silica brick with'less tendency to 
spall. 

The application of zirconia as a refractory is described 
by J. C. Thompson. The oxide is obtained from zirconite, the 
sUica being removed by an electric furnace process in which the 
mineral is heated with the necessary amount of coke to produce 
silicon carbide which is then separated from the zirconia. 
The removal of iron can be effected subsequently by treatment 
of the material with chlorine or phosgene. The refractory proper¬ 
ties of zirconia and the factors which limit its use are discussed. 

M. L. Hartmann and W. A. Koehler describe measurements 
made on the cross-breaking strength of specialised refractories 
with the results as set forth on page 311. 

The results of a number of experiments made on the physical 
and chemical characteristics of carborundum refrectories when 
applied to heat treating furnaces are described by M. L. Hartmann.** 

The properties of sillimanite, which has the composition 
Ala 03 ,Si 02 , have been described by A. F. Greaves-Walker.** 
The melting point of this refractory is given as 1816° C. 

A now abrasive consisting of tungsten carbide has been applied 
under the name of “ volomite.” The compound is said to possess 
a hardness comparable with that of diamond.“ 

Electeolytio Production ot*HyDBOOEN and Oxygen. 

The uses of electrolytic hydrogen and oxygen arc now extending 
rapidly mainly at Government aircraft stations and in such appli¬ 
cations as metal welding and cutting, hydrogenation of oils, manu¬ 
facture of incandescent filament lamps, metal brazing, oxy-acetylene 
welding, smelting work, steel production, synthetic ammonia, and 
accumulator works. The recent developments which'have been 
ipflHft in plant for the production of these gases by electrolysis are 
described by A. J. Hale.®’ The cells now in ujse may be classified 
as the bell type, the bipolar or filter-press type as in the Oerlikon 
cell, and that devised by the National Oxygen Co. of Chicago, and 
the diaphragm unit cell as first manufactured by the International 
Oxygen Co. in 191,1, an improved form of which is now made by the 
Davis-Boumevillo Co., N.J. 

Trans. Amer. Elect^ochein. Soc., 1921, 291 ; 1921, 7(i8A. 

«» Ibid., 1921, 129 ; J., 1921, 771a. 

Trans. Ame(r. Soc. Steel Treat., 1921; 10* 601. 

. J., 1922, 13t. 

J. duEourElec., 1921, 30,102. 

«7 r 1001 • 1 ooo 
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In all cases jjach cell is usually capable of taking 300-600 amps., 
while the voltage varies, in the different types from 2-0 to 2-4 
The yield of hydrogen .varies from' 6-0 to 7-5 cub. ft. per kw.-hr 
The purity of the hydrogen varies from 99-0 to 99’8%, and that of 
the oxygen from 97 to 99%. 

Electrolytic hydrogen is being applied on a large scale in Norway, 
for use in the operation of the Claude process of ammonia synthesis.'® 
For this purpose the Cumberland Coal Power and Chemical Co. 
has acquired a controlling interest in the Tysse water-power under¬ 
taking in Norway. 145,000 h.p. is at present being generated 
at this centre, l(K),000h.p. being transmitted to Odda. The cost 
per h.p.-yr. is .stated to be as low as £1. or less than l-25th of a penny 
per kw.-hr. An electrolytic hydrogen plant which has been installed 
has a daily capacity of over 9,000,000 cub. ft. 

Electrolytic Copper. 

A noteworthy plant for the hydro-metallurgical extraction of 
copper has been installed at Haut-Katanga in the Congo, for the 
treatment of a low-gra<le ore containing 6-7% Cu. The process 
consists of water leaching, followed by electrolysis of the solution. 
In consequence of the success obtained with a small unit it is 
intended to attain an outjiut of 100,f)00 tons of cojiper per annum. 
A water power of 25,000 h.p. is being developed for this process." 

SoDiTTM Perborate. 

An improved process for the electrolytic preparation of sodium 
perborate has boon devised by the Norwegian firm, Predriksstad 
Elektrokemisko Pabriker. A dilute solution of borax, together 
with sodium cya.i/de is used as the electrolyte. The presence of 
sodium cyanidfe prevents metallic impurities from bringing about 
the decomposition of the perborate.’" 

hfLECTROLYSIS OP PUSED SALTS. 

• 

Calcium .—^Thc conditions found to be most favourable for the 
preparation of calcium are described by P. H. Brace.” The most 
successful method is’found to be that of Rathenau, in which a stick 
of calcium is built up on a water-cooled cathode, which is suspended 
vertically above, and makes contact with the surface of the bath. 
Two water-cooled graphite plates are used as anodes. The tem¬ 
perature of the bath is controlled by varying tfie separation and 
degree of immersion ® the anodes. The container is made of 
Acheson graphite of 12 in. outside diameter and 9 in. depth. A 

" J., 1921, 424k. 

J. du Four Eke., 1922, 31, 6. 

’» J., 1921, 219b. 

’■ J. Imt. Metals, 1921,26,153 j J., 1921, 222a. 



3U BEPOBTS OP THE PBOOBESS OP APPUBI) CHEMISTBY. 

voltage of 26 to 30 volts is applied and a current of 400 to 500 amps. 
The diameter of the sticks is uniform and the quality of the metal 
such that it can be rolled into thin sheets The best results are 
obtained by running the coll with sufficient energy input to keep 
the charge of electrol5rte molten, with only a small portion on the 
sides and bottom of the graphite container remaining solid. The 
most suitable electrolyte is fused calcium chloride, which has been 
completely d(^hydrated. 

Magnenimn .—The production of magnesium by the electrolysis 
of the fused chloride has been developed in Wolverhampton by 
the Magnesium (fo.” The method used employs an electrolyte 
of the fused chloride and a cathode of molten load. An alloy of 
lead and magnesium is obtained first and then transferred to a 
second cell, where it forms the anode with an electrolyte of fused 
magnesium chloride, while the cathode consists of a large number 
of steel rods of small diameter immersed for a short distance in the 
electrolyte. The total energy consumption amounts to 8’5 kw.-hrs. 
per lb. of metal, giving an energy efficiency, of about 40%. 

Cerium .—A continuous process has been devised for the 
production of cerium,” in which use is made of an electric furnace 
with non-conducting walls, a conducting hearth as cathode, while 
the anode is of the same shape as the hearth so as to maintain 
a uniform current density throughout the bath. Tapping is made 
through an orifice on a level with the hearth. In the interval between 
two tappings, the metal is kept at a pasty consistency in front of 
the tapping hole, so as not to dissolve in the bath. Shortly before 
tapping, the temperature is raised by increasing the power or 
adjusting the electrodes. 


Eleoteo-Platinq . 

ZitK ,.—A process for zinc plating from a cyanide solution which 
will operate successfully at very high current densities in mechanical 
units where the cleaning of the work is often poor is described by 
C. J. Wernlund.’^ The following composition of the bath is recom¬ 
mended, the weights being expressed in grams per litre ;—Zinc 
cyanide 60, sodium cyanide 52-5, sodium hydroxide 7-5-15, sodium 
carbonate 30, sodium fluoride 7-5, corn sugar 7'5, gum arabic 1-1. 
The temperature employed is 40°-50° C., and the voltage 3-5. 
Very smooth greyish-white deposits,are obtained and the bath 
does not deteriorate on standing. • 

Lead-Tin Alloys.—k process for the electro-deposition of lead- 

tin alloys on the interior of air flasks of naval torpedoes that has 

* 

”'J2ieoiricia», 1922, 88i 92. 

« J. du F&ur Elec., 1921,30,106.; F.P.'‘608,973. 

Tram. Afner. Electrochem. Soc., 1921, 345; J., 1921, 851a. 
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been devolopod at the Bureau of Standards, Washington, is des¬ 
cribed by W. Blum and bj. E. Haring.’* Use is made of a fluoboratc 
solution from whicli is. deposited an alloy of equal weights of lead 
and tin which ^rc finer grained than cither of the separate metals 
deposited under similar conditions. The anode consists of an alloy 
of 50% tin and .50% lead. A current density of about 7 amps, per 
sq. foot is employed, and deposition continued until a thickness of 
0-003-0 000 in. is secured. 

Copper-Nickel .—In a process devised by W. Blum,’' for alter¬ 
nately depositing two metals, it is found that if relatively thin 
layers of nickel are interposed during the deposition of copper, the 
deposit has a much higher tensile strength than pure copper 
deposited under the same conditions. It is shown that this effect 
is due to the influence of the nickel layers in restraining the growth 
of the copper crystals. A further advantagc'gained by this method 
is that higher current densities can be employed without tree 
formation. In the ca.se of copper, the tensile strength of the 
deposited metal is foun^ to increase with increasing current density, 
in the range between 30 and 90 amps, per sq. foot. This process 
has been a])plied in the electrolytic reproduction of engraved plates. 

MiscELLANEOtrs Electeical Heatino Processes. 

An ckictrical he.ating method has been introduced by the Leefur 
Co. at Leeds ” for the hardening and tempering of steel wire and 
strip. The wire is wound o\er electrical contacts placed at the 
ends of a non-metallic tube, through which the wire passes, while 
its temperature is raised to the required degree by the passage of the 
current. An inert surrounding atmo.sphere can be maintained in 
the tube. Aftei/heating, the wire can be led into an oil bath for 
the purpose of quenching. Wire and strip thus treated arc left 
with a blight finish free from all scale and discoloration, while the 
cost compares very favourably with that obtained by gas. 

Electrical Generation of Steam. 

In certain European countries possessing water-power resources 
scarcity and high price of fuel led to the development and installation 
of apparatus of several types for the generation of steam by electric 
energy.’* , 

In a type of apparatus described by F. A. Jjidbury and P. A. 
Stamps,” a steam ggneratur is designed for use with current at 
100 volts. A unit of 2.50 kw., which generates 750 lb. of steam 

Ibid., 1921, 147 ; J., 1921, 774a. 

’« Ibid., 1921, 137 ; J., 1921" 773a. 

” Engineering, 1921, HI, ^6. 

Pwoer, 1921, 53, 404, 746. 

Trans. Amer. Ekctrochem. Soc., 1921, 77. 
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per hour, consists of a vertical steel pipe ol 111 m, cUam., fitted with a 
number of other concentric steel pipes perforated to allow of circu¬ 
lation and alternately connected with the ,two insulated enid plates 
of the cylinder. The current is introduced betij'cen these end 
plates and passes through the water between adjacent tubes, the 
surfaces of which are separated by an interval of 0-75 in. 

According to E. A. Low,®" at a paper mill in Sweden, there are 
installed seven 2000-kw. boilers operating at 10,000 volts and a 
steam pressure of 150 lb. The efficiency obtained is 96%. The 
current is passed from electrodes directly through the water. Each 
boiler is fitted with 18 electrodes in six groups so that the capacity 
can bo controlled in steps. 

Cement Manufacture. 

Electric furnaces haVe been applied to the preparation of cement 
at a works in the Alps, whore 2000-3000 h.p. has been applied.®* 

“ ffm. Mr. 1921, 24, .115. 

“ J. du Four Eke., 1921,80, 73, 81. 



317 


OILS, FATS, AND WAXES. 

By John Allan, 

Messrs. Joseph CrosfieJd and Sms, Lid., Warrington. 

An examination of the Board of Trade returns of the imports of 
oils and oilseeds for the past year would he expected to reveal a 
considerable reduction in values, but probably the more outstanding 
feature of the returns is the extraordinary way in which receipts 
from certain sources of supply have practically ceased whilst others 
have remained normal or even have increased. Tlie falling off is 
especially noticeable in the case of imports from India. Trom 
this source in the first nine months of the year wo received only 
27,000 tons of linseed, whereas in 191!) our import of Indian linseed 
was ten times as groat. India’s place, in the case of this seed, has 
been taken by the Argentine, from whence in the same time, no 
less than 86% of our total import of 369,000 tons has come. The 
amount of cottonseed received from India is also phenomenally 
low, but this is in some measure compensated for by an increase of 
about 25% in our import of Egyptian seed. 

An interesting extension of the remarks made in last year’s report 
on the effect o^ cottonseed oil supply of the intended reduction 
of the area ef planted cotton in America and Egypt is obtained 
from the figures in the following statements. A commentator on 
the Unitoli States Census Bureau’s mid-November report of cotton¬ 
seed and cottonseed products covering the three months ending 
October 3Ist, 1921, says’: “an 8,000,000 bale crop of cotton (the 
estimated output for this year) would produce 400,000 tons of 
cottonseed oil, whigh together with the carry-over from last season 
of close on 100,000 tons would give a supply of 500,000 tons for the 
season.” The Crude Cottonseed Oil Tariff Committee of the 
Interstate Cottonseed Crushers Association, in .a letter addressed 
to those interested in the United States Cotton Oil Industry, says ®: 
“ If the domestic oonpumptaon of cottonseed oil during the next 
twelve months (after August 1st) is equivalent only to the preceding 
twelve months—^the recent consumption is much greater than last 
year —and none is exported, there "s^l be a shortage of 72.000 tons 

’ Cotton Oil Preas, Dae., 1921, p. 22. 

" Ibid., Dee., 1921, p. 19. 
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and no carry-over on August 1st, 1922.”’ The reflex action of 
this position on the European markets for cottonseed and other 
oils can bo readily understood. 

Recent events have driven home upon 'the nati^s of the world 
how groat is their dependence upon the industrioff concerned with 
the production and inanufadture of oils and fats, whether this 
dependence be measured from the point of view of hxxlstuifs or 
munitions supplies. It is therefore noteworthy that Governmental 
interest in these industries has been stimulated so far that depart¬ 
ments and associations have been created for the purpose of carrying 
on fundamental research both in the manufacture and uses of oils 
and fats. 

As an outcome of this interest the Italian Government has 
founded the R. Stazione Sperimentalc per ITndustria degli Olii 
e dei Grassi, with headquarters in Milan, which, as stated by Prof. 
Fachini, its director, is to be conoerned with the investigation of 
matters pertaining to the industries occupied with the production, 
manufacture, and use of mineral and fatty oils, varnishes, etc. 

A more recent development is the association of the Unitr’d 
States Department of Agriculture with varied interests identified 
with the industry relative to the chemistry, technology, and 
economics of oils and fats and'especially that of cotton oil milling, 
the intention being to define and eo-ordinate the research of the 
different bureaux of the Department so that the maximum of 
national benefit may arise from their work. The programme of 
work already outlined includes sueh problems as cultural conditions, 
constituents of natural oils and refining problems, physiological 
effects, food values, rancidity, etc. 

Continued investigation of food principles, anej especially of the 
vitamin known as fat-soluble A, has emphasised the imjeortant 
bearing which manufacturing and refining processes may .have upon 
the dietetic value of a fatty food. The effect of high temperature 
and of hydrogenation in destroying this vitamin in fish oils cannot 
be accepted as a generalisation to be applied to all rfefining and 
other processes to which edible oils are subjected since F. G. Hopkins ® 
has shown that arachis and palm-kernel oil, in the refined state, 
still contain the vitamin. The larger amount of this vitamin 
which occurs in butter-fat is not so readily affected by heat alone 
as it is by exposure to air, even at low temperatures,* and this 
destruction is still more rapidly brought about by ozone.® The 
effect of diet on the vitamin content' of milk and also of body fat 
is very marked, the various dry foods used in winter having the 

> Biochem. J., 1920,14, 725 ; J., 1921. 363a. 

* J. C. Drummond and K. H. Coward, Biochem. J., 1920, 14, 734; J., 
1921, 'SOSA. 

» S. S. ZUva, Biochem. J., 1920,14. 740; J., 1921, 363a. 
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effect of low'ering this very considerably.' H. Steenbock’ and his 
co-workers have shown that highly-coloured butters and beef 
fats are usually richer.iri the vitamin than those low in pigments. 
The developmeijt of colour in the fats is probably influenced by the 
same articles oi diet which affect the vitamin content. 

The production of glycerol from su^ar by controlled fermentation 
with ordinary yeast is a process of great interest in view of the 
continued reduction in the price of sugar. It would now appear, 
however, that to obtain a high conversion of sugar to glycerol is 
not the only difficulty to bo overcome before the process can bo 
economically satisfactory. Literary references to the process 
give no indication as to whether the figures representing the yield 

of glycerol obtained--in some cases over 30% of the sugar 

consumed*—^refer to the fermented liquor or to the glycerol in a 
technically usable form obtained from this liquor. The published 
methods for the purification of the product • from the fermentation 
vats are undoubtedly complicated as works processes and of limited 
efficiency, and giving consideration to this along with the known 
instability of acetaldehyde, which is also a product of the fermen¬ 
tation, it may be reasonably questioned as to w'hether it is possible 
to obtain what is understood as technical glycerin by this process 
in the amounts stated. • 

Genekal Chemistey. 

Probably no condition which depreciates the value of edible fata 
has been the subject of more frequent controversy than rancidity, 
and it cannot be said that we have yet a full understanding either 
as to the cause of rancidity or the products of the chemical reactions 
which bring it alfout. R. H. Kerr,’” as a result of experiment and 
experience as well as a consideration of the theoretical possibilities 
involved, 'defines rancidity as the spontaneous -oxidation of the 
unsaturated glycwides of fats, thus modifying the opinion of 
Lewkowitsnh," who attributed rancidity to the oxidation of free 
fatty acids. The development of rancidity can be absolutely 
prevented by the exclusion of oxygen, but wdth oxygen present the 
production of the rancid state is assisted and accelerated by such 
factors as light, heat, moisture, and the presence of certain metals, 
particularly copper and zinc. Certain bleaching earths have also 

• J. C. I)ruinm(»id, K. H. Coward, and A. F. W&iMn,Bioche9n. J., 1921, 
16, 540; J., 1921, 746a. « 

’ J. Biol Chem., 1921,47, 89 ; J., 1921, 599a. 

• E.P. 138,328; 7., 1921,57a. 

" Seifens. ZeiL, 1921, 48, 591,* 677. 

Cotton Oil Press, July, 1921, p. 45* 

“ Lewkowitsch, “Chem. Tbch. and Anal, of Oils, Fata and Waxes/* 
1913, vol. 1, p. 61 
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been found to have marked oxidising properties and are capable 
of bringing about a condition of incipient rancidity. W. N. 
Stokoc“ points out that whereas micro-organisms can have no 
part in the production of rancidity in pure fats, since, if introduced 
into such fats they quickly die, in butter and margarine an adequate 
nidus for the development of the organisms is provided and rancid 
conditions quickly follow upon their growdh, which is little re¬ 
strained by such preservatives as are usually found, or allowed, in 
fatty foodstuffs, i.e., salt and boron compounds. It is vitally 
necessary to prevent the contamination and invasion of butter and 
margarine by undesirable organisms which are introduced chiefly 
from the raw materials used in their manufacture. The resistance 
of mould spores to high temperature is recognised, but it would not 
be anticipated that deodorised oils which have been heated to a 
temperature a.s high *s 1.50°-170° 0. for several hours can contain 
fertile spores. Wooden barrels are considered to be unsatisfactory 
containers for such oils as they cannot be fully sterilised and moulds 
grow upon them readily. 

It cannot be said that the work published during the year on 
the preparation of fatty acids from hydrocarbons has thrown any 
further light on this difficult problem. It is clear that some of the 
workers have realised that the highly complicated liquid oils are 
much less satisfactory raw materials for their oxidation processes 
than the simpler though still complex paraffin wax. 

C. Griinacheroxidised the wax by a current of air containing 
2% of nitrogen peroxide. The products obtained after several 
days’ treatment at temperatures which were varied between 110° 
and 150° 0. consisted of a mixture of acetic, butyric, and higher 
fatty acids. When pure «-undccane was trcaW with nitrogen 
peroxide for 10 hours at 140° C., 40% of the hydrocarbon escaped 
oxidation and no acid of higher molecular weight than nnnoic acid 
was found amongst the products of oxidation. This result only 
oonflrms the opinion that oxidation processes of this kind tend to a 
continuous reduction of the molecular weight of the oxidation pro¬ 
ducts, the reduction being in great measure directly proportional 
to the amount of oxidation effected. i 

A. Schmidt** oxidises paraffin wax by blowing air through it for 
about 50 hours at 100°-120° C., and claims that the presence of a 
catal 3 rst such as marcuric oxide or previously treated wax increases 
the rapidity of theireaction. It is necessary to separate the mixture 
of acids, aldehydes, alcohols, etc. from unchanged wax by distil¬ 
lation. P. Fischer and W. Schneider ** have continued their work 

“ J., 1921, 75t. 

*» Helv. Chim. Acta, 1920,3, 721 i J., 1921, 4a. 

■ **■ E.P. 142,807 ; J., 1921, 72a. 

“ Ge». Abhandl. Kmnt. Kohk, 1919. 4, 36. 48, 101 ; J., 1921, 290a. 
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on the oxidation of parattin wax by treatment with air in presence 
of an alkali and various catalytic substances, amongst which iron, 
manganese, copper, coMipn, titanium, fuller’s earth, and charcoal 
are enumerated^ Schmidt’s claim that mercuric oxide acts as a 
catalyst is disputed. Various acid| conforming to the general 
formula CnHjnOa and containing 19, 17, 15, and 13 carbon atoms 
have been identified in the oxidation mixture. The actual percen¬ 
tage of these acids of high molecular weight is not stated. 

W. Schrauth and P. Friesenhahn,*® following the old principle 
of alkaline oxidation originated by Schaal” and adopted by Fischer 
and his co-workers, claim that a higher percentage of fatty acids is 
obtained if sodium hydroxide is useil as the alkali, stating that if 
sodium carbonate is employed anhydrides, lactones, and waxy 
substances arc produced. It is proposed to prepare a soap from 
950 kg. of a mixture in nearly equal proportions of beeswax, paraffin, 
and ccresin, using only 30 kg. of sodium hydroxide. Soap so 
produced could have little of the composition and few of the proper¬ 
ties ordinarily associated»w'ith the material. The numerous patents 
which have been taken out in Germany covering the production of 
substances of a like kind to this which possess in small degree only 
the properties of soaps, lead one to the conclusion that only because 
of most urgent need would they have been thought of at all. “It 
is clear from even a cursory examination of the available literature 
on the subject . . . that a great deal of fundamental knowledge 
is lacking and that comprehensive researches must bo initiated if 
suticcss is to be attained. Until the complicated mixtures of 
hydrocarbons of many different series which exist in the natural 
petroleums have been studied in great and almost wearisome 
detail, that is un^l we know what we are working upon, and can 
separate differt-'nt eompounds which react specifically, we shall 
not solve the problem of the production of fatty ,acids, unless we 
do so by chance.” “ 

Whilst the hydrolysis of fatty glycerides by means of the Twitchell 
reagent offers possible technical and economic advantages over 
the other ordinarily used methods, the process has all along suffered 
from the fact that tl!c fatty acids obtained are seriously depreciated 
in colour and the time required to obtain a high percentage of 
hydrolysis is so long. The purified form of the ’Twitchell reagent 
known as “ Kontakt ” .splitter has effected somd improvement on 
the process, but the defects arc still obvious. E. fioyer^® attributes 
this discoloration to thffsulphuric acid which is used in the splitting 
operation, the acid being added both in the free state and combined 

Chem.-ZeU., 1921, 45, 177 ; ‘J., 1921, 226a. 

>’ J.. 1885, 679. 

J., 1921, 84b. 

» Z. Dev*. Oel. «, FeU-Ind., 1921, 41. 113 j J., 1921, 354a, 
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in the reagent. This statement might be accepted without question 
if the darkening of the fatty acids ceased with the removal of the 
sulphuric acid when the splitting operation is completed. It is 
well known, how'ever, that Twitcholl fatty acids, become further 
discoloured on being kept for some time even after the mineral 
acid has been carefully removed. The Twitchell reagent is prepared 
by sulphonating a mixture of naphthalene and oleic acid, and it is 
now claimed by R.H. McKee and L. J. Ix^wis^* that if the naphtha¬ 
lene be replaced by cymene a reagent i.s obtained which is cheaper, 
more rapid in its action, and more constant in composition than 
the older products. As cymenc is a by-product of the manufacture 
of spruce wood-pulj), is easily prejiared at a prii* at least as low as 
that of benzene, and is available in large quantities, the further 
development of its application in the manufacture of a fat-splitting 
reagent will be watiifaed with much interest. 

Drying Oils. 

There is little doubt that our ignorance of the reactions which 
take place during the drying of oils is in great measure duo to the 
fact that the preparation in the pure state of the constituents of 
oils, and especially those of them which arc liquid at ordinary 
temperatures, is surrounded with so much difficulty. Until this 
has been done, and the properties of the pure substances are known 
it is certain that a considerable element of doubt will surround 
the theories put forward to explain the varied changes w'hich 
take place when oils are subjected to ordinary methods of technical 
preparation or use. The work of S. Coffey-* on the oxidation of 
linolic and linolenic acids has evidently been jirompted by a 
realisation of this fact. The method suggest, d by Erdmann 
for the preparation of pure a-linolenic acid by fractional crystal¬ 
lisation from alcohol of the zinc salts of the liquid fatty‘acids from 
linseed oil has always looked to be of doubtful utility, and Coffey’s 
careful examination of it has fully proved it to be unsatisfactory. 
In the course of this work Coffey obtained a mixture containing 
about 10% of linolenic and 90% of linolic acid, which on complete 
oxidation absorbed 27-1% of oxygen, and ddring oxidation very 
little acidic volatile products were formed, showing that in the 
drying of linseed oil the acidic substances which are produced 
originate wholly from the linolenic acid. By taking advantage 
of the method of Erdmann and Bedford*’ for producing the pure 
;8-acid from a mixture of the a- and yS-lirfblenic acids and deter- 

Chem. and Met. Eng., 1921, 24, 969 ; J., 1921, 477a. 

Chem. Soc..Trans., 1921,119, ll.'i2,' 1306, 1408 ; J., 1921, 630a, 707a, 

780a. 

Z.phgaiol. Chem., mi, 7i,m. 

» Ber., 4909, 42, 1324. 
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mining the oxidation values of the mixture and the separated 
;8-acid, it w'as possible tq deduce the results of the oxidation of 
a-linolcnic acid, the forjn in which this acid occurs in linseed oil. 
The general outcome of the above work is to confirm the compo¬ 
sition of linseed oil as given by J. N. Friend.®* Coffey®* has im¬ 
proved the method of determining tfie true oxygen absorption of 
drying oils suggested by J. N. Friend by exjiosing known weights 
of the oil distributed on filter paper to the action of oxygen in a 
closed vessel in presence of absorbents for the volatile products of 
oxidation, the apparatus being so constructed that it could be 
kept in a thermostat at 100“ C. At this temperature it was possible 
to complete the oxidation of the oil in six to seven hours, w'hereas 
at ordinary temperatures absorption is not complete even after 
seventy days’ exposure. 

Our knowdedge of the behaviour of linseed oil when subjected 
to heat has been carried forw ard by the work of P. Slansky and 
of S. Coffey.” The former considers that the coagulation of oxidised 
glycerides plays an impjirtant parf. in the drying process, being 
apparently a two-stage jiroi^ess in which the glycerides are first 
oxidised and subsequently change from the sol to the gel form as 
is shown by the coagulation of the oil. During the period of this 
physical change the chemical properfies of the oil arc only slightly 
altered. He further asserts that the polymerisation of the oil on 
heating in absence of air proceeds similarly to the oxidation by 
air, solidification and the formation of an insoluble fraction taking 
place in an interval during which the iodine value changes by only 
a fraction of a unit. Coffey's experiments were carried out in 
absence of air under the pressure arising from heating the oil in 
sealed tubes to a temperature maintained between 250° and 200° C. 
The heated oiLrapidiy became lighter in colour than the original 
and developed the characteristic light green fluorescence of “ litho 
oils.” Examination of the heated oil at seven-hour intervals 
clearly exhibits th*e fact that after 21 hours’ heating a marked 
thickening of the oil takes place, a change which is coincident with 
similar, though loss distinct, breaks in the .specific gravity and 
acid value curves. jChangc in the solubility of the oil in acetone 
was also noted during these changes. After 21 hours only 5% 
of the oil had become insoluble in acetone, but a further 7 hours’ 
heating had raised this to about 25%, and after 42 hours the oil 
was 2 >ractically immiscible with the solvent. As*he hoxabromide 
value, originally 4.3%, j^ad become zero after only 7 hours’ heating 
it is clear that polymerisation of the most highly unsaturated 

“ Chemistry of Linseed Oil,”»1917, p. 56. 

“ Chem. Soc. Tram., J921, U9,1152 ; J., 1921, 630a. 

Z. artgew. Chem., 1921,34, §6 ; J., 1921, 817a. 

” J., 1921, 19t. 
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glycerides is an early result of the heating. As the evidences of 
coagulation do not appear for some time after this, it is also certain 
the ^loducts first formed undergo's^ill further change until 

substances are at last formed which coagulate quipkly, 

A. P. West and Z. Montes state that a sanipje of lumbang oil 
prepared by pressing the seeds of Alewiics molvccana had the 
following composition:—linolenin 6-5%, liiiolin 33-4%, olein 
56-9%, glycerides of solid acids 2-8%. The oil had excellent drying 
properties. 


Sbmi-Dkying and Non-Dbying Oils. 

It is not uncommon to find references in technical and scientific 
literature to attempts which arc being ina(l(' by cultivation and 
selection to improve the oil content of oil-bearing .seeds and nuts. 
That much can be (lone in this direction there can be no doubt, 
since it is well knoum that the composition of the constituents 
of the various parts of plants is strongly influenced by climate, 
soil, season, fertiliser, and variety. Such a jmxess of selection 
as is indicated may, however, bo limited in its applicability for 
somewhat unexpected reasons. A case in point is exhibited by 
recent endeavours to establish high oil-producing sti ains of eotton, 
about whieh it is reported" that “within a variety, different plants 
of cotton yield seed containing varying percentages of oil. High 
and low oil strains have been developed, but it has been found that 
high oil strains give a low turnout of lint. In the strains thus far 
established the increase of value due to the higher oil has not been 
sufficient to offset the low yield of fibre and they arc not con,sidered 
of commercial value.” 

The average oil content of cottonseed grown in the United 
States’" during the three seasons, 1916-17 to 1918-19, was 306 lb. 
per ton of seed,and the average meat content for the same period 
was 978 lb. per ton of seed. The seed produced in Mississippi, 
North Carolina, and South Carolina yielded'more than 320 lb. 
of oil per ton, whilst that imoduced in Louisiana, Mississippi, and 
Oklahoma produced more than 1000 lb. of meats per ton. That 
variety has a considerable effect upon the CArajiosition of the oil 
obtained from seeds is made evident also by the results of the 
exarainatiem by G. S. Jamieson, W. F. Baughman, and D. H. 
Brauns’* of two samples of arachis oil prepared respectively from 
Spanish type and Virginia type nuts;—Unsaponiflablc matter, 
0-2, 0-3%; olein, 52-9, 60-6%; linolin, fi4-7, 21-6% ; palmitin, 
8-2, 6-3®/o ; stearin, 6-2, 4-9% ; arachidin, 4-0, 3-3% ; and ligno- 

" Philippine J. ScL, 1921, 18, 619 ; J., 1921, 896a. 

Ann. Bept., Texas Agric. Exp. Station, 1920. 

“ U.S. Dept. Agric., Bull. 

« J. Atmr. Chem, Soc,, 1921,48,1372 j J., 1921, 740a. 
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cerin, 3-1, 2-6%. In neither ease could hypogseic acid be detected. 
Besides the internal variations of these figures, they differ in several 
respects from those hith^to pubhshed for this oil. 

The publishecWoliemical characteristics of kapok oil are so variable 
that the results of a recent examiiijition of Indian kapok seed®® 
obtained from Bombax nmlabarmim are of undoubted interest. 
The seeds, which contained 8'9% of moisture, yielded 22-3% of a 
bright yellow oil which had the following characteristics :—Sp. gr. 
()’9208 at 1.5° C.; acid value, 9-3 ; saponif. value, 193-3 ; unsaponi- 
fiable, 1-0% ; ; titre, 38-0° C. The low iodine value of 

this oil compared with that of the oil obtained from the seeds of 
Briodendron avfractuosvm, which are shi])ped to Europe as Java 
kapok seed, explains the many seeming discrepancies in the pub¬ 
lished analyses of the oil, especially since the latter seed ajipcars in 
much larger quantities in the market. An interesting examination 
of certain seeds sold as mustard seed is reported by A. Viehoever, 
J. E. Clevenger, and C. O. Ewing.®® They were found to be Chinese 
colza, Bmssica campcnltis chinoleifera, Viehoever, n. var. The 
\ olatilo oil from the seeds imoved to be crotonyl isothiocyanate, a 
known constituent of rape seeds which cannot replace mustard oil 
in its ordinary applications. Tlie fatty oil had all the general 
characteristics of rajic oil. 

Oil from the seeds of the cantaloup melon. Cmnmis melo L., 
has been examined by W. F. Baughman, D. Brauns, and G. S. 
Jamieson,®* who state that it c.insists of glycerides of myristic acid 
0-3%, of palmitic acid 10-2%, of stearic acid 4-5%, of oleic acid 
27-2%, and of linohe acid 56-6%; unsaponiliablo matter M%- 1“ 
spite of the presence of so high a percentage of the glycerides of 
linolic acid no fil:j|i developed even after a week’s exposure to air 
on a glass plate. 

The possibility of using lemon seeds, which arc ebtained in large 
quantities in variops branches of the citrus industry, as a source of 
oil is again raised by the publication by Bertolo®® of the results of 
his examination of the so-called paslazzo. From 30 to 35% of oil 
can be obtained from this material by extraction with solvents, 
and this w'ould appeitr to be the only satisfactory means of obtaining 
it, as the peculiar character of the material precludes the use of a 
pressure process. It has a dark yellow colour and retains a pro¬ 
nounced odour of lemons oven after being washfd with hot water 
or dilute sulphuric acid. CVmsiderable quantitifs of orange and 
lemon seeds are obtainid in this country as a by-product of fruit¬ 
preserving operations, and it might be possible to use them as a 

® Bull. Imp. Inst., 1«20,18,33S ; J., 1921, 396a. 

®» J. Affric. Bes., 1920,20,117,; J., 1921, 89a. 

®* J. Amer. Ohem. Soc., 1920,*42. 2398 ; J., 1921, 89a. 

Qiom. Chim, Ind, Applic.^ 1920» 1, 48 ; •/., 1921, 153a.. 
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source of oil and preferably if they can be worked in a reasonably 
fresh state. The oil obtained by Bertelo contained only 2-82% 
of free fatty acids, whereas oil extracted,by the writer from lemon 
seeds accumulated at a works in this country and which had been 
kept in a heap for some time f ontained over 30% of free fatty acids. 
The chemical characters of the oil, which is of semi-drying type, 
are already well known. 

H. Andre-’® has examined eleven samples of gi ape-seed oil obtained 
from different sources and confirms previou.s observations as to the 
groat ii-iegularity in its physical and chemical characters. 

The. comparatively high acetyl value of some samples of the oil 
(45-50) is es])Ocially nob-worthy. It is sugg(-sted by B. Kewald” 
that t(-ehnical use might be made of the large quantity of the .seeds 
of the donkey thistle (Cynara canImicvhiK) which is obtainable 
in the Arg<-nfine. 'they contain 41-44% of an oil which has the 
following characters :—S]). gr. at 15" 0., 0-9242 ; solidif. pt., 13“ C. ; 
MjjU’= 1-4770 ; acid value, 1-03; iodine value. 119. The ])ressed 
cake contains : moisture, 0-52 ; ash, 4-43 ; oil, 10-96 ; jnoteins, 
52-5 ; crude fibre, 17-99%. E. H. Dueloux”* who has also examined 
the oil generally confirms Eewaid’s figures and slates that the oil 
in many respects resembles cottonseed oil. 

Solid Eats. 

A. Heiduschka and A. Stcindruck,®* who have examined the 
product obtained from the mixed fatty tissues of the horse, found 
it to have m.p. 32-3° C., sp. gr. 0-9224 at 15° C., «i,®'’=l-4617, acid 
value 2-62, saponif. value 203-9, Roichert-Meissl value 0-42, 
Polenske value 0-37, iodine value 75-17, acetyl value, 14-12. The 
mixed fatty acids were found to consist of linolcnic acid, 1-7% ; 
linolic acid, 6-7% ; oleic acid, 55-2% ; stearic acid, 6-8% ; palmitic 
acid, 29-5%. The acids also contained 0-43% of unsaponifiable 
matter mainly cholesterol. * 

Mixed glycerides have been identified in the soUd'constituents 
of goose fat by C. Amberger and K. Bromig."’ About 15% of 
stearin, w-hich had iodine value 52-3, was sepfirated and was found 
to contain a-stcarodipalmitin, m.p. 57-4° C., and /9-stearodipal- 
mitin, m.p.,03-0° C. The liquid portion of the fat, which had iodine 
value 77-0, consisted mainly of triolein. Oleodipalmitin, m.p. 
33-6° C., was identified in both the solid and liquid portions of the 
fat. Otoba butter, obtained from'the sqcds of Myrisiica otoba, 
which is of frequent occurrence in tropical America, has been found 

Comptes rend., 1921,172,1296, 1413 ; J., 1921, 477a, 518a. 

” Chem.-Ze{i., 1921, 45, 805 ; J., 192‘l, 707 a. 

Anal, 8oc. Quim. Argentina, 1920, 8 , *410 ; J., 1921, 396a. 

»'» J.prakt. Chem., 1921,102,241 ; J., 1921, 665a. 

« Pham, Zentralh., 1921,62,647 ; J., 1921, 740a. 



OILS, FATS, ANI^ WAXES, 


327 


■ 

by W. F. Baughman, G. S. .Jamieson, and I). H. Brauns" to consist 
of the glycerides of myrjstic and, to a lesser extent, lauric acids. 
Traces of palmitic anc^ oleic acids were also present. Besides 
otobite, found l»y Uricoechea in the unsaponifiable matter, another 
compound named by the authors iso-otobite,has also been identified. 

Maeink Animal Oils. 

C!. Grimnie"- gives the composition of a sample of herring oil 
fatty acids as :—saturated acids, 20% ; oleic acid, 20% ; linolic 
acid, 33% ; linolcnic acid, 17% ; clupanodonie acid, !)%. The 
sejjanition of tlui various unsaturated acids was arrived at by 
taking advantage of the vaiying solubility of their bromine com- 
I)ounds in various pur(‘ and mixed solvents. The existence of the 
highly uns.aturated acid having the formul.a t'jall 34 ( 18 , mentioned 
by Tsujimoto“ as occurring in .Tapani'se saidine oil, is considered 
by the author not to be proved. '1'. Lexow,** however, mentions 
this acid, as also another highly unsaturated acid having the 
formula C'aoHjnOz, as b(«ng amongst the jirovcd constituents of the 
oil. A ])o.ssible explanation of Grimmo's failuri^ to detect these 
acids in herring oil may be found in the fact noted by Lexow that 
tho iodine value of herring oil, as also the yield of oil from the fish, 
varies markedly with the season of the year. In July, August, 
and September a yield of 13% of oil having an average iodine value 
of 149 is obtained, whilst in March the yield is only 2% and the 
average iodine value 110. It has also been noted that whilst the 
saponification value is practically unaffected by the season of 
the year, this value, as also the percentage, of unsaponifiable matter, 
varies considerably with the latitude in which the fish is caught. 

The liver oil fym the sea-W'olf (AnarrMchas lujms, L.) is stated 
by T. Lexow“ to be characterised by its low iodine value and high 
percentage of unsaponifiable matter. Oils from the livers of both 
male and female, fsh were examined with the following results :— 
yield on the weight of liver 29-0% and 34-5% respectively. The 
oils had iodine values, 131-2 and 118-1, and contained unsaponifiable 
matter equal to 5-23 and 3-8C%. 

Waxes. 

Montan wax, wdiich is obtained from lignites by extraction with 
solvents, still gives rise to a considerable ambunt of interest on 
the Continent. Since lignite, as mined, always contains a con¬ 
siderable proportion df moisture, and drying is costly, satisfactory 

« J. Amur. Chem. Soc., 1921, 43, 199 ; J., 1921, 267a. 

" Ghem. Urmchau, 1921,28,17 ; J., 1921, 267a. , 

" J. Chem. Ind. Tokyo, 1920, 23, 1007 ; J., 1920, 825a. 

“ Chem. Umscha^ 1921,2(f, 86,110 ; J., 1921, 438a. 

“ Chem. Umschau, 1921,28, 213; J., 1921, 779a. 
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extraction is best obtained by using such a solvent as a mixture 
of alcohol and benzol*” in which a considerable amount of water 
can be held without depreciating the solvent capacity for the wax. 
It is now suggested by E. Donath*’ that acetone ip. to be preferred 
to this mixture, since it is a common solvent for both wax and 
water and is quite as efficient! as benzol when applied to Bohemian 
lignites. 

Aftemijts to obtain montan wax from several low-b-mperature 
tars derived from lignite have shown that although the wax can 
be identified in some quantity in the tars, the yield obtained by 
superheated steam distillation is so low that decomposition of the 
wax clearly takes place. Tlio wax is now being applied to the 
sizing of paper, patents covering its application for this purpose 
being held by J. W. Zanders** and H. T. Bbbme A.-G.‘* 

Mutton-bird oil, wltieh is extracted from the stomach of Aestrelaia 
lessoni, a ])ctrel peculiar to Australia, has been examined by (\ L. 
Carter.”" The oil, which in many ways resembles sperm oil and 
must be regarded as a liquid wax, was of light str aw colour, and had 
a faint and not unpleasant odour. It had the following character¬ 
istics :—iSp. gr. at ]5-5“ C., 0-884 ; free fatty acids, 2-2S %; higher 
alcohols, 38-4%; saponif. value, 119-0; iodine value, 130 (Wijs). 
The mixed alcohols, which hdd m.p. 31°-31-5°C.. weie found to 
consist chiefly of cetyl alcohol, whilst the mixed fatty acids obtained 
after saponification consisted in the main of oleic acid though 
their high iodine value indicates the presence of a certain proportion 
of acids of the linolic or linolcnic series. 

Habdened Eats. 

The importance of the process of hydrogenation applied to fats 
has undoubtedly been lessened by the continuous appreciation 
in the proportionate value of the formerly cheap liquid oils to 
which the process was generally applied, and 'there is no doubt 
that the very general adoption of the process Ims itself been the 
cause of the increase in value which is now acting as a deterrent 
to the continued extension of its application.^ Improvements in 
the process most generally show themselves now in modifications 
of the catalyst, generally with the result of increasing its activity 
and extending its hfc. The effect of the association of some com¬ 
pound of aluminajw'ith the nickel in bringing this about is made 
evident by several patents. E. Sittig and A. Granichstadten® 

*' G.P. 026,165 ; J., 1920, 814a. 

*’ Bremstoff-Chem., 1920,1. 86 ; 1921,2, 28 ; J., 1921, 138a. 

** G.P. 303,34i ; J., 1921, 384a. 

*• G.P. 331,472 ; J., 1921, 384a. 

“ J., 1921, 220t. 

« E.P. 147,578 ; J., 1921, 867a. 



OILS, fIts, anoTwaxes. 329 

have protected the use of a catalyst prepared by the reduction in 
hydrogen of the gelatinous^precipitate obtained when a soluble nickel 
salt associated in solutipn with a salt of magnesium or aluminium 
is precipitated w|th Bilica{c of soda. It is claimed that this catalyst 
possesses special deodorising properties. Similarly, De Nordiske 
J’abriker De-no-fa Aktieselskap“ ha-fe patented the precipitation 
and reduction of nickel aluminate, sodium aluminate being employed 
in this case as the precipitant. As a preventive of the jioisoning 
of the catal)rst by the formation of metallic soap resulting from the 
action of free fatty acid on the catalyst, K. R. Rolton and E. J. 
Lush®® add a small quantity of mono- or (liglyccrkles of fatty acids 
to the oil to be hydrogenated. This combines with any free fatty 
acid present or formed during hydrogenation and so prevents attack 
on the nickel. E. P. Armstrong and T. P. Hilditch®* have con¬ 
tinued their investigation of the hydrogcnatiMi process, studying 
in particular surface area in relation to activity as well as the 
effect upon the rate and extent of reaction, of the specific nature 
of the catalyst. Havin^correlatcd the aj)parcnt volume of various 
catalysts with thcii' activity, they especially point out the high 
apparent volume of nickel hydroxide reduced on kieselguhr com¬ 
pared with an unmounted catalyst. They further ascribe the 
variations in the catalytic power of reduced nickel to the different 
surface areas, w hich variations do not require for their interpretation 
the assumption of the presence of any catalyst (such as oxide) 
other than metallic nickel. 

“ E.P. 140,371 ; J., 1921, 90a. 

E.P. 162,382 ; J., 1921,438a. 

“ Proc. Roy. Roc., 1921. a99, 490 ; J., 1921, 7()7a. 
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PAINTS, JNGMENTS, VAPNISHES, AND 
U ESI NS. 

By H. H. Morgan, Pli.I)., B.Sc., A.R.C.Sc., 

Messrs. Naylor Brolhers (London), Ltd., Blmgh, BvcJcs. 

Thebe has been a growing tendency of late years for writers of 
specifications to demand only that certain physical j)roperties 
shall be shown by the specified material, the question of composition 
and the problem of how to get the deshed properties being left 
to the manufacturer. No doubt one of* the determining factors 
which led to this method of .specifying by properties was the hiability 
of the analyst to determine the chemical composition of the required 
product, but also it has gradually become recognised that, in the 
majority of cases relating to the group of materials now' under 
review, very little is known as to the relation between the so-called 
“ chemical composition ” and physical properties ; it is remarkable, 
however, how much faith is still placed on the results of a chemical 
analysis. The specifying of physical properties necessitates a 
knowledge of how to test the.se properties, and consequently this 
change of attitude on the part of specification writers has been re¬ 
flected in the literature by the appearance of fewer papers on 
chemical analysis and by a marked increase in the number of pub¬ 
lished investigations dealing with the physical properties of var¬ 
nishes, paints, and pigments. The application of the results of 
these investigations to the needs of a .specification is of iqjnor import¬ 
ance compared with the valuable iiiformation which they afford 
regarding the constitution of the various products and the changes 
that take place in the components during mafiufacture and during 
the drying and weathering of varnish and paint films. Furthermore 
the method'of specifying by properties stimulates research, invention, 
and progress on the part of the manufacturer. It is to be feared, 
however, that, sifice research has not yet been collectively organised 
by the manufacturers concerned in this gioup of industries, the 
rate of progress in Great Britain is slower than it ought to be. 
The regrettable fact has to be recorded that the proposal to form 
a research assbeiation in this country received only moderate 
support at the hands of the National Federation of Paint, Colour 
and Varnish Manufacturers. The cry is for fundamental research 
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rather than for investigations which will attack problems directly 
by methods based on pastiexpcrience without seeking to investigate 
the fundamcntahnature! the process.* 

Paints and Pipmknts. 

It has long been universally recognised that be)th the durability 
and the “ finish ’ of a dried paint film are dependent to a con¬ 
siderable extent upon *’ fineness of grinding. ’ Moreover, it is 
undenstood in a general sort of way that the latter term involves 
not only the fineness of division of the pigment when in the dry 
condition, but also the? extent to which the jugmentary particles 
have been dispemed throughout the inedium. Tlie full importance 
of the degree of dispersion in tliis connexion does not, how'over, 
seem to have Ixien sufliciently realised. There is a large field for 
investigation as to how' this degree of dispersion deiiends ujion the 
size of pigmentary particles, the specific natures of both pigment 
and medium, and upon the mode and extent of grinding pigment 
and medium together. *H. L. Sulman**has shown, in connexion 
with or(( fiotation, that the degree of dispersion of a two-phase 
system, the continuous phase of which is water, is dependent ujjon 
the degree of wetting of the disperse.phase by the continuous phase, 
and R. P. L. Britton** in a suggestive paper dealing with the physical 
chemistry of paint and varnish, points out that the ease with which 
a pigment can be wetted, or saturated, with the medium in which 
it is ground is an important factor in determining the fineness of 
grinding produced in enamels. Britton goes so far as to state that 
the term “ fineness of grinding ” is in many cases a misnomer, the 
thickness of an ordinary film of varnish being eight or ten times 
the diameter of t?re largest particles of zinc oxide, and that the 
principal action during the grinding of pigment and medium together 
is to force* the liquid into the solid particles to the point of satur¬ 
ation of the latUr. The exact meaning to bo attached to this 
last statement is not quite clear, and since the suggestion is one 
which in the present state of our knowledge concerning the physics 
of solid particles i| rather difficult of conception, it would seem 
preferable at present to consider the matter from the point of view 
of dispersion and deiiocculation, although when the work of I. 
Langmuir '■ has been further developed, Britton’s point* of view may 
prove the more fruitful. Tliis subject has also attracted the 
attention during the past yea ■ of H. A. Gardner and R. E. Coleman.* 
These authors distinguish between the terms “ texture ” and 

* See Report of Committee for ScienUfio and Industrial Research^ 1920-21. 

** BuU. Inst. Uin. and Met, ijo. 182, Nov., 1919 ; J.,«1920, 27a. 

® J, Oil and Colour Cham. A^soc.y 1920, 138. 

* See e.g. Trans. Faraday Soc., 1920,15, 62. 

® Circ. 117, Paint Manufacturers’ Assoc. U.S.; J., 1921, 227a. 
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“ fineness ” as applied to pigments. Whereas the terms “ coarse ” 
and “ fine ” refer to the extent of the subdivision of the particles 
constituting a mass, the term “ texture ” is defined as the property 
of pigments to disperse readily and become fine'y divided when 
mixed with a liquid. Pigments are said to be of “ soft texture ” 
if they disperse readOy when lightly ground in a mixture of blown 
linseed oil and turpentine. Certain liquids will, however, cause 
flocculation in pigments, and thus a particular pigment may show 
a “ soft t(!xture ” towards one medium and yet be of ‘‘ hard texture ” 
when mixed with another medium. Although this definition of 
texture is somewhat arbitrary, it describes a property of pigments 
which well repays examination in a pigment-testing laboratory, 
and is a step in the right direction of reducing to iir.st principles 
the confusion that undoubtedly exists among paint manufacturers 
with regard to the Use of the exprp.ssion “ fineness of grinding.” 
It seems doubtful, however, whether the use of the terras “ texture,” 
“ hard,” and “ soft ” in this connexion sufficiently emphasises the 
role of the medium. ^ 

In a review of the methods available for determining the size of 
particles C. A. Klein and W. Hulmo' draw attention to the import¬ 
ance of knowledge as to the size of pigmentary particles and to the 
fact that the amount of published data on the subject is deplorably 
small. After adversely criticising the use of a screen, and also 
the method of subsidence in a hquid, these authors describe a 
modification of Schonc’s’ elutriator as used by-them. The various 
fractions consisting of approximately equi-sized particles have been 
examined microscopically, and the results expressed in a graphic 
method in which various sized particles are represented by different 
coloured areas, the extent of such area being proportional to the 
weight and particular size. Interesting results have already been 
obtained by the appheation of this method of mechanica,! analysis 
to the question of dry-grinding of barytes, showing how the degree 
of fineness varies with the time of grinding and with the type of 
mill used. Further results are promised by these authors on this 
and other cognate subjects, such as the relationship between size 
of particles and the important factors known as bulking value, oil 
absorption, and re-inforcement of paint films. These results will 
be awaited with considerable interest. With regard to the use of 
screens, which undoubtedly have a certain value in the approximate 
grading of powders, the experience of Klein and Hulme is to the 
effect that screens finer than 2{)0-me8h are not satisfactory. C. D. 
Holley,® however, states that, as the result of eight years’ experience 
with the so-called 350-mesh screen which he developed and intro- 

” J. Oil and Colour Chern. Asaoc., 1920, 3» 177* 

’ anal. Chem., 1868, 7, 29. 

® Paint, Oil, and Chemical Review, No. 21, Vol. 72, Nov. 23, 1921. 
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duced to the paint trade in 1915, the use of such a screen has been 
found eminently useful and practical in all respects. These screens 
were originally made ii; iVanco, but have not been manufactured 
there since the w.>r. They are now being made in America, however, 
with wire having a diameter of 0-0014 inch, the apertures being 
0-0017 inch in diameter. Holley citds an instance where the cost 
of grinding a higli-grade white paint was reduced approximately 
50% by using white lead having a residue of 0-5% on the screen 
instead of white lead having a 2-5% residue. 

Not infrequently the term “ fineness of grinding,” M-hen applied 
to paint or enamel, involves further the question of “ consistency ” 
or fluidity—that property which governs the smoothing-out qualities 
of the paint so that the dry film is free from brush marks, humps, 
depre.s.sions, etc. In any case, “ consistency ” and “ grinding ” are 
intimately connected, and, wliiLst the existence of this relationship 
has always been recognised more or le.ss vaguely by manufacturers, 
the sorting out of the scientific principles underlying it only became 
possible afti-r the epoch-qiaking investigations of E. (1. Bingham' on 
plasticity and the point of zero fluidity. His work demonstrated 
the fact that the measurements “ yield value ” and “ mobility ” 
completely express the plastic natiu-e of a substance. Later, 
E. C. Bingham and H. Green'" extefldod these ideas to paints and 
showed that paint is plastic, its “ consistency ” depending both 
upon its yield value and its mobility. H. Green" has now described 
further improvements and developments of the plastometer and 
its practical application to research and routine problems in the 
paint industry. This author'" lias clearly shown that the consistency 
of a paint is dependent upon the degree of dispersion of the pigment, 
which in turn involves the degree of wetting of the pigment and its 
particle size. Jlcf^-ing u 2 )on this question, a valuable suggestion 
has been ipade by VV. D. Baneroft'" with reference to the amount 
of oil which should be used for the grinding of pigment jiastes. He 
states that the anibunt of oil now used for a given pigment is very 
arbitrary, ahd the values given by experts often differ widely. The 
suggestion is made that reproducible figures could be obtained if in 
each case there was«detormined the amount of oil necessary to give 
zero fluidity, and, .since this is more oil than manufacturers wish to 
use, some definite fraction of this amount might be adjipted as the 
standard. The relation between consistency aq(i size of particles 
is further emphasized by P. P. IngaUs," who states that it makes 

® V.S. Bureau of Standards, Sci. Paper No. 278, 1910. 

'« Proc. Amer. Soc. Testing Mat., 1919, 19, 640 ; J., 1920, 495a. 

" Ibid., 1920, 80, Part 2, 451, 

»" Ibid., 1921. 

“ J. Ind. Eng. Chem., 1921,*18, 157. 

'* Oirc. 136, Paint Manufre, Assoc, V.S. 
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a great deal of difference whether there is a wide range between the 
maximum and minimum size or whcthc^r the particles are more 
nearly uniform. As the particles become finer the tendency to 
flocculation increases, and, unless counteracted by the dispersive 
power of the vehicle, all sorts of changes in the consistency and 
applicability of the paint may ensue. This has an important 
bearing upon the choice of a correct medium to suit a particular 
pigment, or, considered from the opposite point of view, upon the 
proper blending of iiigmcnls to suit a particular medium. F. G. 
BreycF*^ states that most livering, thickening, or thinning down of 
paints on standing can be explained on the grounds of continuous 
increased or decreased wetting of the pigment by the vehicle. 
Attention has been drawn to the same point by R. P. L. Britton.^ 
Writing on recent develojiments in .spray painting, H. A. Gardner** 
emphasises various advantages obtainecl by the use of the spray 
gun, and gives the results of some exposure tests on the relative 
durability of .spray versv-K brusli painting. Attention is also drawn 
to various points in connexion with the drying and flowing pro¬ 
perties of spray paints, and to the importance of obtaining the 
correct thickness of film. In this coimexion attention is drawn 
to the “ film gauge ” recently devised by A. 11. Tffund for measuring 
the thickne.ss of wet paint films. In his original piaper Pfund” gives 
a number of measurements for the thickne.ss of jiaint films brushed 
out on glass which agree, to within 3%, with those calculated from 
weight of paint and area of surface. Also spreading rates of tliree 
different jiaints were measured when brushed on primed wood by 
four different painters. The results varied enormously—nearly 
100 % in one case—and showed that greater differences, as regards 
spreading rates, exist between individual painters than between 
different paints. As a result of several hundred tests upon a large 
number of paints applied to different kinds of surfaces, H. A. 
Gardner and P. C. Holdt** conclude that the instrument is accurate 
to within 25%. In the present writer’s opinioli the chief use for 
the apparatus would be in the paint research laboratory. 

As regards the durability of paint films as judged by carefully 
carried out exposure tests, several results have teen recorded during 
the past year. The main point which emerges from the results of 
J. A. N. Friend** is the marked superiority of htho oil as a medium 
over raw or “ boiled ” linseed oil. This is attributed in part to 
diminished permeability towards water, but mainly to the greater 
“ stability ” of the litho oil owing to' the saturation of the double 

Circ. 135, Paint Manufrs. Assoc. 11.6’. 

Circ. 114, Paint Manufrs. Assoc. U S. 

” J, Franklin Inst, 1921,191, 517 ; J., 1921, 356a. 

Circ. 132, Paint Manufrs. Assoc. U.S. 

J. Iron and Steel Inst, 1921,103, 365 ; J., 1921, 393a. 
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bonds (which takes place during polymerisation) rendering the oil 
less liable to oxidation and disintegration on exposure. Amongst 
the conclusions reachcdj by H. A. Gardner^* is the faet that, in 
aluminium painttl there is \io advantage in using polished aluminium 
}iowder over the unpolished, also that 300-mesh powder has no 
superiority over the 2(K)-mesh materia?. A critical survey as to the 
methods of carrjdng out exposure tests and the value to be placed 
on the results obtained thereby is made by C. A. Klein.®’ The 
question as to the best pigments to be used in paints designed for the 
protection of metal surfaces is one on which there is, at present, fair 
agreement amongst jiaint technologists, and there has been little 
published on this matter during the last few years. There are still 
some fallacious ideas prevalent, however—chiefly in connexion 
with the use of graphite and black paints—and attention should 
therefon: be di’awn to an admirable summary l»y H. A. Gardner®® of 
substances used in such paints. A recent paper by J. A. N. Friend®® 
on a colloid theory of the corrosion of iron should also bo consulted 
by those who are interested in the question of the protection of iron. 
Riimarkable results have tieen obtaineil showing the effect of moving 
water on the coiTOsion of iron immersed in it. The influence of 
iKssolved electrolytes, jirotectivc colloids, alkalis, and other 
substances has also been studied. • 

Owing to the action of the Governing Body of the International 
Labour Office, much has been written during the past year in 
scientific and in technical journals, as well as in the daily Press, 
on what has come to be called the white lead controversy. As 
regards the relative merits of white lead and other wliite pigments 
few', if any, now facts have been brought forward on either side. 
It is rather surprising, however, that during the discussion little 
has been heard ^ab^it the comparatively new pigments containing 
titanium and antimony. It seems remarkable, too, that so little 
reference sfiould be made to the part played by’the medium in 
paints ; it is idle tb talk about the relative merits of two or more 
pigments unless it is stipulated that the same medium be used in 
each case. Another curious feature of the controversy is the total 
disregard of aU oth^r compounds of lead other than white lead. 
The chief points discussed during the past year, how'ever, have 
ranged round the hygiene of the painter, the reliability of statistics, 
and the degree of accuracy with which ea.ses of wljite lead poisoning 
may be diagnosed. In a lengthy but very iptcresting paper, 
H. E. Armstrong and (J. A. Rtein®* describe elaborate and detailed 

®" Circs. 129 and 130, Paint Manufrs. Assoc. U.S. 

®’ Oil and Colour Trades J., 1921, 59 , 2445. 

®® Amer. Electrochem. Soc., 1921. 

®® Chsm. Soc. Trans., *1921, U9, 932 ; J., 1921, 545a. 

®< J. Roy. Soc. Arts, 1921, 69 , 655. 
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experiments on the question of the splashing which occurs during 
the operations of a painter. These eiqperiments show, amongst 
other results, that painters do not inhale splashes, that splashes 
readily fall to the ground, and that not even a minfrte spray remains 
suspended in the air. In the same paper the question of the toxic 
effect of turpentine and other volatile thinners is discussed, and 
some interesting curves are given showing the comparative rates 
of volatility of a number of thinners and also their rates of evapor¬ 
ation from paints. It occurs to the present writer that perhaps 
useful information as to the toxic effect of tliinners might be obtained 
from statistics relating to the health of persons engaged in varnish 
manufacture, as distinct from paints. Owing to the judicious 
interposition and appeal of Dr. Logge, the representative of the 
British Government at the International Labour Conference in 
November last, an excellent compromise was amVed at, and it 
thus seems probable that the recent activities displayed by the 
controversialists w'ill decline. It is to be hoped, however, that 
immediate steps will be taken towards legal enforcement of the 
regulations relating to the use of white lead which were recommended 
at Geneva. 

Referring to the evaluation of white pigments, H. E. Clarke 
attempts to clarify existing ideas as to the use of the terms spread¬ 
ing power, hiding power, and opacity. This author restricts the 
use of the term hiding power to pigments, whilst the term opacity 
is applied to paints. Many interesting paints concerning the 
use of antimony oxide as a pigment are to be found in the same 
paper and in the lengthy discussion which followed it. The right 
of both antimony oxide and titanium oxide to be classified 
amongst the well-recognised white pigments appears to be now 
established. These pigments differ so much, however, in chemical 
character from the basic white pigments around which the pre¬ 
valent ideas of’paint mixing have devidoped, that they should, 
in fairness to all concerned, be used with caution by those whose 
knowledge of paint technology is restricted. Three patents 
by the Titan Co. A/S, referring to improvements in the process 
of manufacture of titanuim white, have appeared recently. Of 
several patents'" referring to the production of new lake colours 
the most interesting appears to be that granted to the British 
Dyestuffs Corporation, Ltd., J. Baddiley, and J. Hill.** The 
colour therein described is a yellowish-scarlet lake of great beauty 

e- 

J. Oil and Colour Gkm,. Assoc., 1921, 4, 2. 

»« U.S.P. 1,360,737 and 1,368,392 ; J., 1921, 52a, 228a. E.P. 149,316 ; 
■ J., 1921, 552a. 

« Ultro-Chem. Corp., U.S.P. 1,358,007 and 1 369,352; J., 1921, 228a, 
289a. 

*• E.P, 164,053; J., 1921, 504a. 
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of shade and reaerabJes* the colours of .the Ponceau class, hut is 
very much superior to the lattiT in its fastness to light. It is 
obtained in the usual rujinner from the nionoazo dyestuff derived 
from ro-xylidhiei)alphonic’ acid and R-.salt. The introduction of 
certain tungstic comjiounds dui-ing the process of precipitation 
of lakes is claimed by F. Bayer unu’ do.-” and by the Chemical 
Foundation Inc.”“ as a method of increasing the fastness to light 
of the lakes so produced. 

In 1910 L. A. Keane”' found that the yellow colour of bricks was 
due to the finely divided condition of the anhydrous ferric oxide 
pirescnt, and that alumina was the important peirtising agent. 
In the following year F. H. Sehcelz'"' jirepared stable mixtures of 
yellow ferric oxide and alumina by precijiitating solutions of 
ferrous and aluminium sulphates with calcium hydroxide, and 
heating the j'rceipitate to 1(KI0° C. J. H. Yoe”” has now con¬ 
firmed and extended this work, and has obtained stable mixtures 
containing 8% of FcjOa and 92% of AljOa on the one hand, and 
()% of FcjOj with 94% of BaS ()4 on the other. The.se mixtures 
are ycUow or buff in colour, and, whilst at present they may be 
o dy of jiassing interest, the e may, quite conceivably, arise a 
demand for such a pigment. An interesting observation bearing 
upon the well-known fact that in Tiertain paints the, colour of 
Prussian blue is gradually destroyed, is made by F. Fritz,’* who 
states that if a small quantity of Prussian bhie be allowed to 
stand for a long time in contact with oxidised linseed oil, decolorisa- 
tion of the pigment takes place if a sufficient amount of moisture 
is present. The latter proviso is very significant. 

The problem of measurement of colour is one which is of vital 
interest to many industries, but in none jirobably is it more per¬ 
plexing than in it^application to pigment and paint mixing. It 
is very desirable tiiat the colours of paints should be capable 
of being colorimetrically analysed and synthesiSed, so that it 
might be predicted With certainty that by mixing certain pigments 
a product cit the desired colour would result. Valuable papers 
embodying the results of experiments bearing upon this question, 
and which mu.st eventually assist in attaining the desired end, 
have been published by C. E. K. Mees,” by A. E. Bawtree,” 
and by T. M. Lowry.” When grading a number of _ white pig- 

E.p. 143,242 : /., 1921, 385a. 

“ U.S.P. 1,378,882; J., 1921, J>39a. 

” J. Phys. Chem., l«l(i 20, 73’,' ; J., 1917, 138. 

® Ibid., 1917, 21, 570 ; J., 1917, 1270. 

” Ibid., 1921,25, 190; J., 1921, 3r)0A. 

Chem. Umschau, 1920, 27, 242 ; J., 1921, 90a. 

J. Ind. Eng. 13. 729. 

J. Oil and Colour Chem. Ailboc., 1921, 4, 166. 
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ments, ranging from a yellowish tint to a bluish tint, it is very 
difficult to decide which is the “ most correct white,” and opinions 
will differ widely in this respect according to the taste of the 
observer. Scientifically, white is more difficult to define than 
any other colour, and its definition is more or less arbitrary. The 
light of the mid-day sun (blue sky light c.Kcludcd) reflected from 
a non-.selective surface is white, but th(‘ difficulty is to be certain 
of the non-sclective character of the standard surface used. 
Moreover, any attempt to put the subject of the grading of white 
paints on a scientific basis must involve not only a method of 
deciding as to whether or not a surface is white, but also a method 
of quantitatively indicating slight departures from white. Previous 
attempts in this direction have been unsucces.sful owing to the 
fact that the departure from white is so small that accurate 
measurements of that departure are out of the question. A. H. 
Pfund,“* however, has recently devised an iastrunient which 
shows every promise of becoming a valuabk;, and almost indis¬ 
pensable, piece of apparatus to the paint technologist. In this 
new colorimeter for white pigments the principle of multiple 
reflections is adopted in order to accentuate departure from white, 
and a piece of ground optical glass is used as a non-selectlve 
reflecting surface. In order to obviate the necessity of 
standardising a source of white light, the colour characteristics 
of the paint are given m terms of “ brightness ” for colours of 
dominant hue 460 p/i (blue), 550 pp (green), and 625 fifi (red),- 
respectively. In this way the colour characteristics are estab¬ 
lished uniquely and standard samples of paints may be discai-dcd. 
This method of investigation shows that all ” white ” pigments 
are yellowish, though when compared with one another some may 
be pinkish, bluish, etc. By the addition of a trace, of lampblack 
to a zinc oxide paint, the latter becomes nearly non-seloctive, 
and whereas tile “ brightness ” of the paint is diminished by only 
3-5%, its hiding power is increased by 17'6%.' 

Varnishes and Dryino Oils. 

4 > 

In order to obtain uniformity in the brushing and flowing-out 
qualities of a varnish it has long been the custom to apply some 
sort of “ viscosity ” test, but of recent years it has gradually 
become recognised that measurements on “ consistency ” may 
afford valuable information as regards thcfconstitution and history 
of the varnish. The importance of viscosity in the study of the 
colloid state was pointed out by Wo. Ostwald^* so long ago as 1913, 
or possibly earlier, but probably the first published investigation 

• ** Proc. Amer. Soc. Testing Mat., 1920, 20, Part 2, 440. 

•• Trans. Faraday Soc., 1913, 8 , 34. 
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relating to this asjjoct of viscosity determinations as applied to 
varnishes was that of Mi Y. Seaton, E. J. Probeck, and G. B. 
Sawyer,*" who stadied viscosity-temperature changes and obtained 
very striking rwults. In view, however, of the fact that the 
viscosities were determined by the Poolittle instrument, and of 
the importance attaching to the deductions arrived at, the present 
writer feels that these results need confirmation. The desirability 
of studying the viscosity of heterogeneous systems at different 
rates of shear was pointed out in 1013 by E. Hatschek,** who 
showed that certain emulsoid sols possessed different viscosities 
at different rates of shear below certain limits, and, in 1920, 
A. E. Bawtree*" omjjhasiscd the importance of determining the 
viscosities of varnishes under different rates of shear in order to 
obtain some idea as to their colloidal character. Referring to 
his e.'ipcriments on stand oil Bawtree. states tfiat the various times 
of efflux under different pressures give a “ clear mental picture of 
the colloidal structure of the fluid, while the particular value at 
100 mm. pressure gives aju.sifful comparison as to generalstoutness.” 
The various papers by E. G. Bingham and H. Green bearing on 
cumsistcncy have dealt chiefly with clays and paints, but during 
the past year H. A. Gardner and P. G. Holdt *" have applied the 
Bingham piastometer to the measurement of consistency of varnish. 
Over fifty samples of commercial varnishes, whose absolute 
viscosities ranged from 0-6 to S'5 poises at 2.')° G., were examined, 
but in only a few of these was any indication of plasticity found, 
and in most of these few cases the “ yield value ” was very small. 
The existence of a high yield value corresponded with stringy 
consistency and poor working qualities in the varnish. In the 
same paper dcsciaptions of various other types of viscometers 
are given, andrf!omp.i' ison has been made between the Bingham 
instrument, the MeMichael and the Doolittle viscometers. The 
method described b^ W. H. Hcrschcl ** has been used for calculating 
absolute viscosities from readings on the McMichael instrument, 
but the values so obtained are in only fair agieement with corre¬ 
sponding values from the Bingham apparatus, whilst readings 
on the Doolittle viscometer appear to bear no definite numerical 
relation to absolute viscosities. A certain amount of evidence, 
mainly from the use of the McMichael instrument, ms brought 
forward in support of the view, which has frequenWy been suggested 
before, that certain varnishes possess a stnietmre which may be 
broken down by shear lesultitig from violent agitation or pressure. 

" J. Ind. Eng. Chem., 1917, 9, 35 ; J., 1917, 148. 

“ Trans, Faraday Soc.^ 1913, ff, 88-91. 

J. Oil a7id Colour Ciiem. Assoc.f 1920, 3, 119. 

Circ. 127, Paint Manujrs. *Aaaoc. U.S. 

“ J. Ind. Ena. Chem.. 1920.18. 282 ; «/., 1920, 430a. 
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The evidence, however, is not conclusive, though in view of the 
weli Lnown behaviour of certain greasca under ifiniilar conditions 
the suggestion cannot be said to be imjiivbablc. .[f seen '-lous, 
however, that more definite indications were ^not forti. sing 
from the results obtained ■w.itli the Bingham apparatus. Um 
the most important applications of the latter instrunient shoulu 
be in the investigation of certain undiwirahle qualitios in ^'amishes 
and of the changes that take place on ageing That some of such 
changes may bo due to change in surface ('neig'v relations resulting 
in a gradual increase in the size of particle aggi i'gatcs is suggested 
by the j)re.sent authors, ami a similar view has a Iso ix^n jnit forward 
by B. P, L. Britton.’ The latfei writci .states further that in 
some other cases the “ sugaring up ” of varnislies may bo due to 
the reversion of superfused resins to the crystalline state. Gardner 
and Holdt, in the paper referred to above, give the result of an 
ultramioroscopic examination of varnishes. The number of 
part.icles per c.c. is given for a large range of different types of 
varnishes, but there is no sort of jiarallelism between the number 
of particles of the disperse phase and the type of varnish. The 
Brownian movement is almost completely damped by the viscosity 
of the varnish. The samples of high viscosity showed cither a 
very large number of small particles or a smaller number of very 
large particles, the size being indicated by their relative brightness. 

That many of the problems relating to the drying and weathering 
of varnish films can be explained only by paying more attention 
to surface concentrations and to changes in surface energy has 
been pointed out by R. S. MorreU,*’ and it would appear desirable 
therefore that more data should be available respecting the surface 
tensions and intcrfacial tensions of varnishes and of varnish com¬ 
ponents. No doubt such values would provide a certain amount 
of useful information, but on the other hand it is difficult to see 
how exactly in the present state of our knoAYledgc regarding the 
surface energy of solids, the results could be applied to the problems 
in question. In his presidential address to the Oil and Colour 
Chemists’ Association 11. S. Morrell’" gives new values for the 
surface tension to air and interfacial tension to water of a number 
of varnish components. H. A. Gardner and P. C. Holdt" have 
also given this matter some attention and have published a list of 
“ drop numbers ” in water for various oils and thinners. There 
would appear, However, to be no ^ort of agreement between the 
results obtained by these different investigators. This may be 
not altogether surprising when one remembers the variable 
character of some of these substances, but the observations of 

"" J. Oil and Colour Chem. Aanoc., 1920, 3, 29. 

'« 76»d., 1921, 4. 129. 

" Cire. 124, Paint Manufra. Aaaoe. U.S, 
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W. C. Reynolds** are particularly interesting in this connexion. 
This author find^ that a ^modification of the capillary method of 
measuring surface tensi 9 n can be employed to measure interfacial 
tension to a mucfi greater degree of accuracy than can be obtained 
by the use of the drop number method. By means of this new 
method of observation evidence mity be obtained of chemical 
action or of changes in surface concentration which otherwise might 
bo overlooked. Turpentine in contact with air undergoes oxidation 
so rapidly that the accurate measurement of its interfaoial tension 
in contact with water is made very difficult; thus, four samples of 
the .same turjientine, di.stilled under diiTerent conditions as regards 
access to air, gave values ranging fi om 10-2 to 34-2, although they 
ail showed the same value, 27-2, fi r the surface tension to air. 
Moreover, the higher values very quickly fell on allowing the 
samples to stand in contact with air. After .‘H.anding for 111 days 
in a bottle plugged with cotton wool a value of only 1-06 
was obtained. The ([uantity of oxidation product producing 
this enormous di/Terence is very small, and the more apparent 
j)ro])erties of the tui’pcntinc nunain unchanged. These rem.arkablo 
1 '.,suits of Reynolds would a])poar to have considerable bearing 
upon the use of tuiqientinc in varnishes. 

Were our knoivledge of surface cilergy relations more extensive 
it is probable that many problems concerning the penneability and 
water-absorbing power of vanii.sh films would bo more readily 
understood. R. S. Morrell** in continuation of his investigations 
on this subject has definitely established the fact that dry varnish 
or oil films act as semipermeable membranes in aqueous solutions 
of salts. Interesting conclusions have also been reached by this 
author regarding the relationship between the percentage of water 
absorbed by a jlr\/vii!ni.sh film and the proportions of resin, poly¬ 
merised oilj linoxyn, and di'iers present in the film. In the main, 
the experience of the present vTiter is to confirm Morrell’s conclu¬ 
sions, but there arf; a number of anomalies which require further 
elucidation.* Tliese would appear to be due largely to the fact 
that the water absorption as measured is usually, if not invariably, 
a composite quantify comprising not only the water dispersed 
throughout the varnish film, but also a layer of water enclosed 
between the varnish film and its support.*® Quite prqbably there 
is a connexion between these tw’o terms, to the cjgtent that as water 
is absorbed into the film the adhesion between the film and its 
sujiport becomes wealjened, but on the other hand, they are 
probably not affected to the .same degree by variable conditions, 
such as the thickness of the film, the nature and condition of the 
material to which the film is 'attached, and the rate of drying of 

** Chem, Soc. Trans. ^ 1921,3M.9, 460, 

*' H. H. Morgan, J. Oil and Colour Chem. Assoc., 1921, 4, 151. 
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the film. Further development along Morrell’s line of attack should 
lead to interesting and valuable results., • 

Of quite common ooemrenco nowadays in varnish specifications 
is a test referring to the tendency of a dry varniih film to whiten 
when immersed in water. It is important therefore that the cause 
and nature of this whitening he better understood than it is at 
present. There seems to ho no very definite connexion between the 
degree of whitening and the water absorption as measured by 
Morrell’s method. This may possibly be duo to the failure of 
Morrell’s test to diflerentiate between “ dispersed ” water and 
“ occluded ” water, as mentioned above, or, again, it may be due 
to a difference in the form of the emulsion produred, owing to 
differences in tlie constitution of the vaniish. As a ro.sult of a 
series of tests, F. G. Blochhas concluded that there is no connexion 
between this whitening effect and the durability of a varnish. 
The fact that all the varnishes tested by Bloch cracked and perished 
after only 14 weeks’ exposure would .seem to indieale that his choice 
of varnishes w'as not a particularly suitable one. Ncvorlheless, 
the experience of U. S. Morrell confirms flu- actual conclusion 
reached by Bloch in so far as “ non-whitening ’’ is, by itself, no 
criterion of durability. It is the opinion of the present writer 
that, in making this test an indication as to durability under normal 
conditions of exposure, less attention should be 2 )aid to temporary 
whitening and more attention to tlic intensity of the whiteness, 
to its degree of permanence {iftor removal of the film from the 
water, and to any permanent injury to the film resulting from 
immersion. Morrell*® has, however, put forward the suggestion 
that, if brittle varnishes be excluded, then the water-resisting 
power of elastic varnishes is a measure of their durability. To this 
end brittleness of a dried film is arbitrarily defined with respect 
to both time and temperature of drying and to jrower of resistance 
to fracture on bending. There is no doubt that amongst varnishes 
of the same type, and made on similar lines (the only differences 
being in the ratio gum-resin to oil), MoirelTs method aceurately 
differentiates as regards durability. But to be of wider application 
it is the present writer's opinion that other factors will have to be 
taken into eonsidcration. It is just possible that more accurate 
predictions might be made if the method of differentiating between 
brittle and elastio varnishes were amplified somewhat on the lines 
of the kauri reduction test recommended long ago by American 
writers, and reconfirmed by them quite recsntly.** In the writer’s 
opinion, however, the effects on durability of excess driers and of 
different degrees of polymerisation are not sufficiently indicated by 
the above tests. 

“ Drugs, OUs and Paints, 1921, 36, 426. 

” U.S. _Bweau of Standards Giro. 103, 2nd Ed., Oct., 1921. 
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In connexion with Brittleness tests mention may be made of 
some trials by I{. A. Gardner in which he measured, by means of 
paper-testing machines, the bursting strength and tensile strength 
of bond paper fvhich hhd been varnished and dried ; the same 
varnished papers were also exposed to weathering influences, but 
the results seem to bo of little value,* H. Wolffhas also described 
a method for testing the elasticity of varnish films. By means of a 
simple home-made device, the angle is measured at which fracture 
of the film occurs when the latter and its support (tinned iron, 
parchment, etc.) are gradually bent. The nature of the fracturing 
is also taken into account. With elastic varnishes the number of 
repeated bendings, backward and forward, is observed. The 
effects of thickness of film, number of coats, and other factors, on 
elasticity have been studied and are recorded. The same author 
has described an attrition test for varnish films.’* A simple 
mechanical device is used in order to obtain a uniform pressure 
between the film and a “ scrubber ” ; and hence the weight of 
film lof5t per unit area in unit time when “ scrubbed ” at constant 
pressure may be deterntined. 

It is evident that there are wide differences of opinion as to the 
most important facto is to be taken into consideration in predicting 
as to the durability of varnishes,* and it seems necessary that 
many physical tests be made both on the dried film and on the 
varnish itself ; moreover the results so obtainei' must bo interpreted 
by a skilled varnish technologist.” It is possible that some chemical 
test regarding the nature and quantity of driers might be advan¬ 
tageous, though this is very doubtful. Much time has been spent 
in attempts to devise so-called accelerated weathering tests; 
also the effects produced by corrosive gases and hquids ” have 
frequently been jitiT forward as affording evidence regarding dura¬ 
bility under normal conditions of exposure. It is the writer’s 
opinion, however, that little will be gained by sfleh methods, and 
that there will be? no real advance until more is known as to the 
relation between durability and the physico-chemical properties 
of the undried varnish. It is in this direction that knowledge is 
so badly needed. , 

There is very little to report in connexion with cellulose varnishes- 
R. 0. Herzog, A. Hildesheimer, and F. Medicus ” discuss in great 
detail the properties and manufacture of nitipcellulose lacquers. 
They have studied the influence of a large nu(pber of esters and 

Circ. 122, Paint l^anajrs. .4s5oc. 17.6', 
i’arben-ZeiU 1921, 28, 2537 ; 1921, 630a. 

“ Ibid., 1921, 26, 3111 ; J.,^921, 742a. 

See also A. de Waole, J, Oil and Colour Chem. Assltc., 1920, 3, 75, 

” H. Wolff, Farben’-ZeU., 1621, 26, 1186; J., 1921, 357a. 

^ Z. angeu). Chem., 1921, 84, 57 ; J., 1921, 228a. 
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other substances on various properties of the film, sucli as elasticity, 
water absorption, etc. A. Hildesheimef, in a) patent for the 
production of flexible lacquers from cellulose .istcrs, describes 
the use of glycol esters of fatty acids of non-dryir^ oils, the esters 
being prepared by the aid pf catalysts such as TwitchcU’s reagent. 

In 1918 a patent was taken out for the production of varnishes 
“ just as good as the more expensive gum varnishes ” by the intro¬ 
duction of furfural into linseed oil rosinate varnishes, but C. 
Coflignierhas now .shown that the furfural plays only the part 
of a solvent in the varnish—^just like turpentine. Modern methods 
which have been adopted in America during the last few years for 
erecting and installing varnish-making factories are described, 
both by C. H. Jones ” and by P. W. Webster. ““ The descTiptions 
deal in particular with the question of recovery of fumes. M. Kagg 
describes exjierimontS' to prove that when rosin and lead acetate 
are heated together at 110°('. a definite compound of “ aceto- 
abiotic acid ” is formed. Hence, by analogy, he suggests that the 
slow-drying 2 iroperl ies of linsred oil-rosin varnishes may be explained 
by the formation of similar complexes of the fatty and resin acids. 
The “ combination ” between lead acetate and rosin i.s undoubtedly 
a fact and is very curious, but the assumjition of an " aceto-abietic 
acid ” seems hardly jirstified. 'On the other hand H. Wolff and C. 
Dorn®* claim to have isolated from a linsixid oil-rosin varnish, 
crystals of a mixed resin and fatty acid glyccridi' corresjronding 
to 2 mols. of palmitic acid and 1 mol. of resin arnd. 

An investigation by W. Platt on the relative speeds of drying 
of linseed oil boiled with lead, manganese, and cobalt driers respec¬ 
tively, confirms many previously published results b(^aring on this 
question. One point is brought out, however, which is perhaps not 
so well known as it should be, but one which Ls supported by the 
experience of the present writer, viz., that the rate of increase in 
the time of drying with increasing temperature varies considerably 
with the nature of the drier. For normal bond'd oils the rate of 
increase is greatest with cobalt and least with lead, though if excess 
driers be present the problem becomes more complicated. This 
aspect of the question has been dealt with % R. P. L. Britton 
when referring to the fact that excess of driers causes a retardation 
in the rate o| drying. He states that this is only so when drying 
takes place at orijinary tem 2 )eraturos, and that above a certain 

(!.P. 338,47.') >1./., 1921. 708a. 

“ F.T>. 494,300. '' . 

“» BuU. Boe.. Chim., 1920, 87, 800 ; ./., 1921, .Ha. 
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“ critical temperature ’■* the rate of aeceleration beeomes normal. 
H. Wolff and C.|Dom''' confirm much that has been written con¬ 
cerning the nature of thjefoots ” obtained from boiled oils. Non¬ 
precipitation offlead foots with certain samples of boiled oil is 
attributed to the protective effect of colloidally-disper.sed albuminoid 
matter, agitation of the oil during hestting preventing that decrease 
in the degree of dispersion of the albuminoid material which is 
necessary for the coagulation of the latter. 

Questions as to the nature of the glycerides present in drying 
oils and the mechanism of their oxidation in the absence of driers 
belong more strictly to the section on Oils, Fats, and Waxes. They 
are dealt with more fully under that section, and a brief reference 
only is made to them here. S. Ooffey" has carried out some very 
interesting experiments whereby the “ true oxygen absorptions ” 
of linseed oil and of its fatty acids have bc*‘n determined. This 
work may bo regarded as a useful contribution to the study of the 
oxidation of linseed oil, but duo caution must be observed in drawing 
any deductions therefrpm concerning the drying of linseed oil 
films under normal conditions. Ooffey himself draws attention 
to the complex nature of linoxyn, and states that it probably con¬ 
tains, among unchanged constituents of the oil, condensation 
products of those compounds which ho has suggested arc the 
primary oxidation products of linseed oil. Quite apart, however, 
from questions as to conden.sation, polymerisation, and gelation, 
it is most probable that even the purely chemical changes taking 
place during the drying of linseed oil films under normal conditions, 
bear little more than a superficial resemblance to the changes that 
occurred under the conditions of Coffey’s experiments. Conditions 
of temperature, thickness of oil film, and the rate at which volatile 
products leave the/ilm, prob-ably all affect even the modus operandi 
of the reactions occurring during the oxidation of a complex natural 
product such as linseed oil. The experiments of R. S. Morrell*' 
on the increase in surface acidity ” of a varnish film on exposure 
to air, though not strictly comparable, arc not without bearing on 
this point. The part played by the glyceryl radicle needs to be 
much more closely investigated. This has been repeatedly pointed 
out by R. S. Morrell" and others. The possibility of olein taking 
part in the oxidation process has been ruled out by Coffey, and the 
effect of the presence of mixed glycerides, the jirosencc of which 
has been indicated by Morrell and other inves^gators, has been 
neglected. A. Eibnor^" in ft. recent paper discussing the causes 

““ Farben-Zeit., 1921, 27, 2B ; J., 1921, 780a. 

Chem. Soc. Trans., 1921, US, 1152, 1408 ; J., 1921,^ 030a, 780a. 

" Third Report on Colloid Chemistry, Dept, of Sci. and Ind. Research, 
1920, 105. 
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underlying the slowness of drying of abnormal samples of linseed 
oil, states that linseed oils “ containing ” even aj large proportion 
of oleic acid, dry normally by virtue of thi? grouping being present 
as a mixed glyceride in combination wifh Unoliolt and/or linolenic 
acid. The same author refers to the effect on the drying property 
of linseed oil by exposure to'light, both during storage and during 
the process of ripening of the seed. P. Slansky,’" however, does 
not agree with Eibner in this respect and states that linseed oil 
expressed and exposed to air in absence of light dries normally. 
In the same paper Slansky makes some very pertinent remarks on 
the subject of the changes that take place during the dr 3 nng of 
linseed oil, and confirms much that has been pubhshed previously. 
He regards a determination of increase in weight on oxidation as of 
little value in determining drying power, as it takes no account of 
the physical change of coagulation. This author also draws atten¬ 
tion to a certain similarity between the process of “ oxidation by 
air ” and “ thickening by heat in absence of air ” as applied to 
linseed oil.” In this connexion H. WolfP^ |ias made the observation 
that if pieces of thin tissue paper soaked m linseed oil are pressed 
together so as to form a compact block, and allowed to dry, the 
outer layers consist chiefly of oxidised oil and the inner layers 
chiefly of polymerised oil. More prolonged drying diminished the 
degree of difference between the layers with respect to the proportion 
of oxidised fatty acids present. S. fJoffey’^ has studied the thicken¬ 
ing of linseed oil by heating it in sealed tubes M a temperature of 
250“ C. for periods of time up to 42 hours. His results confirm many 
conclusions reached by previous investigators. A marked rise in 
the viscosity-time curve at 21 hours coincides with similar, though 
less distinct, breaks in the sp. gr. and acid value curves. 

Resins. 

During some recent experiments carried out {it Pamborough by 
the research department of the Air Ministry, aircraft propellers 
coated with Japanese lacquer were spun at high speed when under 
the influence of a water spray. The results showed that such 
coatings were far more durable under this seV-ere treatment than 
any covering involving the use of ordinary varnishes or paints.’* It 
is well known that Japanese lacquer hardens only when exposed 
to a moist atmosphere, and it is stated that the difficulty of appli¬ 
cation is a seriotis drawback to it^ use. The investigations of 
R. Majima and his collaborators therefort;, begun in 1907, are 

Z. angew. Chem., 1921, 84, 86 ; J., 1921, 817a. 

’* See also Morrell, Ref. 68. • 

« Farben-Zeit., 1921, 88, 2851; J., 1921, 706a. 

J., 1921, 19t. 
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particularly interesting. This work is not without bearing also 
on the subject cl artifieiaj resins, although at present the connexion 
inay not be apparent. Majima’^ in 1915 synthesised 2.3- 
dimethoxy-l-w-9entadecylbenzene, (OHsO)jCeH 3 (CHj), 4 CH 3 , and 
showed it to bo identical with hydro-urushiol dimethyl ether which 
he had previously obtained by reducing and methylating “ urushiol,” 
the chief ingredient of Japanese lac. R. Majima and 6. Taka- 
yama’" have now compared the phenomena observed on oxidising 
the monomethyl ether of urushiol with those observed when its 
lowest homologue, viz., 2-hydroxy-»)-tolyl methyl other, is simi¬ 
larly treated, and so concludes that the oxidation of hydro-urushiol 
yields derivatives of diphenoquinonc. 

In continuation of the work begun by F. Reinitzer in 1914, two 
important papers have been published relating to the composition 
of Siam benzoin. This substance was then sha^ to be a mixture of 
three colourless crystalline corapound.s, viz., benzoic acid, siarcsinol, 
and lubanyl benzoate. The last-named substance, together with a 
number of its derivatives, have now been described by A. Zinke 
and J. Rzrimal,” and lubanyl benzoate has been given a constitu- 
iional formula consisting of a benzene nucleus having a hydroxyl 
group and a methoxyl group orientated in the ori/jo-position, together 
with the chain CH : CH . OH j. 0 .CO . t!,|FI 5 situated in the para- 
position with respect to the OH group. When crude benzoin is 
warmed with dilute aqueous caustic soda a ve’-y sparingly soluble 
precipitate is obtained which can be readily crystallised from 
alcohol and which is stated by F. Reinitzer’* to be the sodium salt 
of a-siaresinolio acid. The latter has the formula C 3 oH 4 , 04 , contains 
a carboxyl group, and is identical with siarejiinol mentioned above. 

Several papers bearing upon the vexed problem of the constitution 
of the resin acids fwivo been published during the past year. Although 
much interesting and valuable information has accumulated respect 
ing the relationships between abiotic acid, reteno, pinene, and so 
forth, much yet remains to be done before the constitution of the 
resin acids Is established, whilst even the composition of colophony 
is still largely a matter for speculation. A. Griin’* pro^joses a new 
constitutional fornjula containing a bridged linking for abiotic 
acid, which formula not only explains its general behaviour but also 
accounts for its formation from pinene. A number ojf abiotic and 
pimaric acids may be formed by the condensation of 2 molecules 
of pinene in different ways, and others again f^m camphene and 
fenchene. A. J. Virtjnen*"'exhaustively reviews the Hterature of 

’* Ber., 1915, 48. 1606 ; J., 1916, 128. 

’« Bcr., 1920, 53 , 1907 ; J., 1920, 792a. 

” Monatsh., 1920, 41, 423; J., 1921, 153a. 

’* Arch. Pharm., 19?1, 889, 60 ; J., 1921, 277a. 

’» Gliem. Zmtr., 1921, 92, 1.", 496 ; J., 1921, 311a. 

™ Ber., 1920, 83. 1880; J., 1920, 792a. 
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the resin acids and describes the preparation and properties of 
several hydrogenated retenes, most of which are syrprisingly stable 
towards permanganate. He expresses the view thfrt all resin acids 
having the formula CjoHjoOj contain in'tlieir molecule a hydro¬ 
genated retcnc nucleus. 0. Aschan** has isolated, from the less 
volatile fractions obtained by distilling pine oil in superheated 
steam, a new acid, CjoHjoGs, belonging to the abietic series. This 
acid, w'hich has been named pinabietic acid, is well characterised 
and crystalline ; its rotatory power is affected to a remarkable 
degree by the nature of the solvent used, being strongly dextro¬ 
rotatory in aromatic solvents and lasvorotatory to an approximately 
equal degree in aliphatic solvents. From an extended study 
of the properties and general behaviour of this substance, 
A. J. Virtanen®“ has established definite relationships between 
Asehan’s pinabietic acid, a new hydrocarbon pinabietene (CibHss). 
and the hydrocarbon rctenc. As a re.sult, he has put forward a 
constitutional formula for pinabietic acid which is probably very 
near the truth, although the evidence is not sufficient to decide 
betw'cen several alternatives in which the ‘lifferences are, however, 
of more or less a minor character. (1. Dupont*’ has shown that 
it is possible to extract both I- and d-pimarie acids from 
the “ gemrae,” or exuded resin, of the Pinm rmrilima, although 
under the acid treatment commonly used for the isolation of pimaric 
acid from this source, the laivo acid is usually changed to its dextro 
isomeride. 0. Aschan*^ describes several members of a new' series 
of acids which he has isolated from American colophony and which 
he has named colophenic acids. They have the generic formula 
^nHanio^e W. Fahrion,®* however, recalls his own work on the 
autoxidation of colophony*® in which he had described products 
of a peroxide nature having the formulie CjoHajO, and CjnHaoOe, 
and states that Aschan’s (iolophenio acid is apparently identical 
with his own oxyabictic acid. The methods of preparation em¬ 
ployed by Aschan would seem to sujiport Fakrion’s contention, 
but, on the other hand, Aschan’s compounds appear to be more 
stable than those deseribed by Fahrion. In any case it is alw'ays 
difficult to decide whether compounds isolatccj. from resins really 
represent original constituents or whether the latter have not 
undergone some change during the process of isolation. 

P. Nicolardot and C. Coffignier*’ have described a simple mechani¬ 
cal device for determining the relative hardness of oil-varnish resins 

Annakn, 1921, 424, 117, 133; J., I!l2l, 6944. 

Annakn, 1921, 424, 150; J., 1921, 594a. 

“ Oomptes rend., 1921, 172, 923, 1373 ; J., 1921, 3.57a, 478a. 

Her., 1921, ,54, 8G7 ; ,/., 1921, 439a.. 

** Bcr., 1921, 64, 1944 ; J., 1921, 7S0a. 

“■Z. angew. Ohem., 1907, 356, 361 ; ■7.,‘1007, 264. 

Chim. et Ind., 1921, 5 , 160; J., 1921, 310a. 
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by measuring the diameter of the impression made by a weighted 
steel baU. Thel various j-esins have been classified according to 
the results obtaicd in itjiis way, but in the opinion of the present 
writer the classification is not altogether satisfactory. In any case 
it is questionable as to how much value should be placed on the 
grading of oil-vartdsh resins according to the hardness of the raw 
material. An interesting contribution on the subject of hardened 
rosin and resin esters is made by A. Muiray"* who gives details 
regarding the method of manufacture of these products. As a 
result of various trials he concludes that copper acts as a polymer¬ 
ising catalyst on Congo copal, since only in alummium vessels was 
he able to jiroducc glycerin esters of low acid value from mixtures 
of Congo copal and rosin, containing largo quantities of Congo 
copal. In connexion with the subject of hardened rosin and 
metallic rosinates, mention should be inadt here of two papers 
issued from the laboratory of H. A. Gardner. In one of these 
entitled “ Lime for the Varnish Industry,”** suggestions are made 
as to what are the att'jibutes of a high-grade lime best suited to 
the req' ii’ements of the varnish manufactui'or. The use of a fully 
hydrated lime of low magnesian content is recommended. In the 
other paper referred to,** full details are given for the manufacture 
of such metallic rosinates (also of linoleates and tungates) as are 
commonly used in the paint and varnish industry ; their properties 
and uses are also described. 

Judged by the number of patents granted during the past year 
referring to the manufacture of synthetic resins, interest in this 
subject would appear to be maintained at the same pitch as that 
shown during the last few years. As far as can be judged by the 
patent hterature, however, no very striking advance seems to have 
been made. 4*ap^- of the patents*' refer to the phenol-aldehydic 
condensation products, and either introduce a new condensing 
agent or specify some plastic, filler, or other material for the purpose 
of producing a tougher or less brittle product. It is difficult to 
detect any’ advantages that might accrue from the working of these 
patents over the older ones, with the exception of such as might 
arise from economic considerations. Very few new patents"* have 
appeared that deal with resins of the coumaione type, and none 

Chem. and Met. Eng.^ 1U21, 25, 473 ; J.y 1921, 741a. • 

Circ. 113, Paint Manufrs. Assoc. V.S. 

Circ. 120, Paint Manufrs. Assoc. U.S. 

»> Vickeni, Ltd., E.P. 154,6.“'’., 158,447, 160,258; J., 1921, 91a, 228a, 
358a. L. a. Jaloustre and otliere, E.P. 139,147, 138,061 ; J., 1921, 122a. 
Daxnard Lacquer Co., E.P. 109,347 ; J.^ 1921, 780a. Rosan Kunstharzor* 
zeugungsge.s, E.P. 130,608 ; J., 1921, 666a. 

•* The Barrett Co., JS.P. 166,818, U.S.P. 1,360,665 ; ’j., 1921, 708a, 91a. 
A. L. Tannehill, U.S.P. 1,389,*791 ; J., 1921, 781a. Rutgerewerke A.-6., 
G.F. 32^676 i J ., 1921, 19a. 
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contains any outstanding feature. Several'patents occur in which 
condensations are described involving tlie use of' naphthalenes— 
e.g., the Akt.-Ges. fur Anilin-Fabr."’ has taken ^ut four patents 
for the manufacture of varnish-resins from foiVnaldehyde and 
either halogenated or hydrogenated naphthalenes. The Bayer 
Co.®* condenses naphthalene‘with dichloroxyleno or similar halo¬ 
genated compound. The Badische Co.” states that xylol and 
ethylene cliloride can be made to react in the presence of aluminium 
chloride to give a solid resin frec^ from clilorine. The same company 
has been granted two patents®' describing the use of cyclohexanone 
as a resin-producing substance. 

The fact that resinous substances may be produced as a result 
of these various condensations etc. is very interesting, but the 
varnish chemist is inclined to be suspicious of “ synthetic ” sub¬ 
stances concerning the constitution of which little is known. That 
he knows little about the composition of the natural resins is, of 
course, largely compensated for by the accumulated experience pf 
generations of varnish makers. Scientific, investigation as to the 
changes which take place durii^ resinitication is badly needed. 
L. H. Baekeland®’ has done much on tliis subject in connexion 
with phenolic condensation products, and a further study on 
phenolic hexamcthylenetetralnine compounds by M. Harvey 
and L. H. Baekeland” has been published during ihc past year. 
H. Lebach” pointed out in 1909 that whenever ammonia is used 
in the bakclite reaction, - hexamethylenetetrainine-triphenol is 
formed in the first stages of the process, and that under the action 
of heat this product resinifies with the elimination of ammonia. 
By using carefully purified cresols, and paying .strict attention to 
temperature, Harvey and Baekeland” have succeeded in isolating 
crystalline compounds of hexamethylenetetramine with o-, m-, 
and p-cresol, respectively, contrary to the results of H. Moschatos 
and B. Tollens'"®' who were unable to prepare such products. The 
corresponding compounds of quinol, of resorcinof; and of carvacrol, 
have also been isolated. The m-cresol, p-oresol, and carvacrol 
compounds have no true melting point, but resinify when heated 
at their point of liquefaction. The o-cresol, qvinol, and resorcinol 
compounds, on the other hand, partly sublime and partly char 
on heating, showing very little signs of melting. These two 
difierent types of_ change, which occur on heating, seem to be 

«» G.P. 30.5,576,'332,334, 332,391, 334,710 ; J., 1921, 439a, 368a, 479a. 

” G.P. 302,621 ; J ., 1921, 708a. 

” G.P. 326,729 ; J., 1921, 142a. 

G.P. 337,993, 339,107 ; J., 1921, 031a, 742a. 

®’ J. liid. Engg Chem., 1913, 5, 506. 

®* J. Ind. Eng. Chem., 1921, 13 , 135 ; J ., 1921, 187a. 

»®. Cf. J., 1913, 659. 

Anmkn, 1893, 272 , 271. 
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governed by the ratio of the number of molecules of phenol to one 
molecule of hexlmethylenetetramine in the compound, but as to 
what limits thiy ratio tliere is as yet no clue. Incidentally, the 
suggestion is made that the constitution generally accepted for 
hexamethylenetetramine is incorrect. A connexion between 
resinification and chemical constitution is suggested by W. 
Herzog,'*' who states that the grouping—N : C : —is a typical 
resinophoro group, being characteristic of a whole class of sub¬ 
stances which readily undergo polymerisation to resins. This is 
illustrated by the case of «ym.-diphcnylthiocarbamide, which, 
when dissolved in aniline and heated at boiling point for forty 
hours, yielded a clear amber-like resin, soluble in benzene, fatty 
oils, and in tuipentino. Hydrogen sulphide is first evolved and 
the resulting carbo-di-imidc polymerises. The same author describes 
the preparation of a resin r('.sembling colophony, by heating form¬ 
aldehyde with benzylaniline, using hydrochloric acid as a catalyst.'® 
European patents for the technical preparation of furfural from 
cellulosic material werci taken out so long ago as 1912 and 1913. 
In 1916 T. Meunier'® described the production of synthetic varnish 
resins by the condensation of furfural with various amines or 
ketones, and in 1918 E. Beckmann and E. Behn"" showed that 
hard resins similar to the bakelite products could be obtained by 
the condensation of fmfural with phenols. So far very little 
appears to have been heard about these various processes, but 
they now seem to be attracting some attention in America'** 
due, no doubt, to the discovery by K. P. Monroe'*® that corncob 
pentosan affords a source from which furfural may be easily and 
cheaply manufactured in large quantities. It will be interesting 
to sec whether tjiis promised source of cheap furfural will affect 
the productioii of synthetic rosins, either as regards cost or as 
regards quality. 

The use of varpishes made from the bakeUtc type of synthetic 
resin is increasmg, cliiofly, however, in those cases where high 
electrical or chemical resistance is required. It is unfortimate 
that stoving is necessary in order to obtain the requisite power of 
resistance. With this exception, synthetic resins do not appear 
to be used to any appreciable extent in England for the manu¬ 
facture of lacquers or varnishes. In the opinion of'the writer it 
seems rather a pity that so much time and energy are being devoted 

'“ Oesterr. Chcm.-Znit., 1921’, 24, 76 ; J., 1921, 478A. 

Oeslerr. Chem.-Zeit., 1921, 24, 16 ; J., 1921, 187a. 

Mat. Qraaaes, 1916, 9 , 4616. 

Sitzungaber. Preuss. AJead*. Wias.^ 1918, 1201 ; J.,^1920, 577a. 

See G. H. Mainsjand M. Phillips, Chem. and Met. Eng.^ 1921, 24, 661; 
J ., 1921, 357a. 

wo J. Ind. Eng. Chem., 1921,18, 133 ; J., 1921, 194a. 
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to the possible iwoduction of synthetic resins merely lo repbioe 
the natural gum ” in oil varnishes. A.vai'nish j’s neefl. 1 which, 
when ipplied and air-dried in the ordinary way. Ivili yii'i a film 
far more durable and resistant to chemical ami iiH'dianical forces 
than any varnish yet made, or that is likely to be made, from 
linseed oil, tung oil, etc. The type towards which inve.st igators 
should strive would seem to be a product .'Omewhat after the natu ■ i 
of Japanese lac ; preferably also a material whieh could be applied 
in the fluid condition, at ordinary temperature, without the u.se cf 
volatile solvent. 
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By B. D. PoEEiTT, M.So., F.I.C., F.R.S.E., 

Director of Research, Research Association of British Rvbber and 
Tyre Manufacturers. 

The period under review has been one of exceptional difficulty in 
practically every industry, and neither the producer nor the manu¬ 
facturer of rubber has escaped the effects of the prevailing trade 
denression. 

Rubber—one of the few commodities Avhich did not rise in price 
during the war—steadily depreciated in value from February, 1920, 
ur til June, 1921, when smoked plantation sheet could be purchased 
at the unprecedented price of 7d. per lb. As the average cost of 
production is at present in the neighbourhood of 15d. per lb.‘ the 
position of the rubber grower has obviously not been an enviable 
one ; and, so important has the plantation industry become to the 
prosperity of the Empire, that a Government committee has been 
appointed recently to consider its present difficulties.* 

In the case of the manufacturer, the low price of raw rubber 
has proved insufficient to compensate for other difficulties with 
which he has had to contend, particularly the remarkable fluctuation 
in the price of cottj^ and the prejudicial effect on home and export 
demands resulthig rrotn trade depression, foreign competition, 
and abnormal rates of exchange. . 

Those adverse ooijditions have rendered it imperative for those 
responsible for the management of both branches of the industry 
to make every effort to reduce costs of production, and to popularise 
and find new uses for rubber. 

In this latter direAion the lead has been taken by the Rubber 
Growers’ Association, in the institution of a public competition 
for new and extended uses for rubber, and, although this enterprise 
does not appear to have produced the results anticipated* it has 
at least done much to direct popular attention to tlfe many purposes 
for which rubber Ls suitable. 

It is evident, moreover, that increasing importance is being 
attached to the value of scientific control and research, in connexion 

* India Rubber J., 192J, 62, 691. 

* BtMier Age, 1921, 2, 466. ’ 

> India Rubber J., 1921, 62. 619 ; J., 1921, 4e8a. 
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with both the production and the manufacture of rubber. The study 
of the botanical and mycological problems of the Aevea Brasiliensis 
has been undertaken recently by Prof. J. P'. Farmfr at the Imperial 
(k)lleg(' of Science, for which purpose generous support has been 
jirovidcd by rubber growers,* whilst the existing arrangements for 
researoh on the estates in Ocylon and the Federated Malay States 
are to be reorganised and extended. * At home the Research 
Association established by the trade under the Government scheme 
for the encouragement of technical research is steadily developing 
its work,* and is now engaged in equipping new laboratories, 
adequate for its requirements, at Croydon. In this connexion 
it is interesting to note a recent proposal to establish a similar 
co-ojierative research laboratory in the United States.’ 

The importance of technical education, moreover, has not been 
overlooked, and the existing facilities have been extended by the 
introduction of day and evening courses of instruction at the 
Northern Polytechnic, in connexion with which a scheme of post¬ 
graduate research scholarshijis has been i« stituted. 

A further stimulus to research work was provided by the scientific 
oonferenee which took place in connexion with tiie International 
Rubber Kxhibition held in London during July. This meeting, 
the first since the outbreak of war, was attended by many important 
foreign workers on the problems relating to the produidion and 
manufacture of rubber, and presented a welcome opportunity for 
discussion and the interchange of ideas. 

Although no new discovery of outstanding intere.st has occurred 
during the year, very material progress has to be recorded—more 
particularly in connexion with the elucidation of the action of 
vulcanisation accelerators and the effects produced by these and 
other ingredients on the physical properties of rubber. The 
notable advance made in these directions since 1914 was the out¬ 
standing impression left on the minds of those attending the Rubber 
Exhibition Conference, and the day seems to be approaching when 
vulcanisation will no longer be a mysterious cliangc susceptible 
only to somewhat empirical control. 

Statistics. 

The world-wide commercial depression has naturally resulted 
in a set-back to ,the steady increase in the demand for raw rubber, 
the production of which during the last ten years has practically 
doubled every four years. 

* Bull. R.O.A.. 1921,8, 115. 

* Ibid.. 1921, 8, 113. 

' Annual Report oj the Department of, Seienti/u and Industrial Research, 
192’0-21, 29. 

’ India Rubber WorU, 1921, 65, 31. 
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The fact that, for the time at least, the supply had exceeded the 
demand was realised in 1020 by the majority of British producers, 
and a restriction fechcmd proposed by the Rubber Growers’ Associa¬ 
tion for a 25% reduction in output was generally a(iopted by the 
estates. Negotiations with a view ,to securing the adoption of 
this proposal by the Butch rubber planters have proved unsuccess¬ 
ful," whilst the Golonial Office declined to introduce legislation 
imposing a 50% reduction of output in Malaya.” A proposal that 
the members of the Rubber Growers’ Association should continue 
the voluntary 25% reduction scheme for a further period of six 
months failerl to secure the necessary support,'" and consequently 
the regulation of output during 1922 has been left solely to the 
operation of economic laws. 

This arrangement, assisted by the effects of low prices and 
increased cost of labour, has resulted in a marked reduction in 
the output for 1921, which is estimated at 245,000 tons, as compared 
with 3GH,0(K) and 339,000 tons for 1920 and 1919 respectively." 

The potential output «)f rubber, however, is already increasing, 
that for 1922 being estimated at 400,000 tons,'" whilst the existing 
j.lantations alone are deemed capable of yielding at the rate of 
500,000 tons per annum within a comparatively short period. This 
would seem probable from the following statistics.'” 



Aiva planted 

Area 


1st dan., 1920. 

producing 


Acro«. 

Acres. 

Malaya 

1,750,000 

1,250,000 

Ct'yloii 

S. India 

398,000 

207,00(» 

65,000 

43,000 

Burma .. • ^ . 

Nothorlunds’ Jnnu .. 

45.000 

17,500 

885,000 

570,000 

Borneo and Sarawak 

50,000 

30,000 

Other (Countries .. 

130,000 

• 60,000 

Total .. * .. 

3,323,(100 

2,237,000 


To ensure the future prosperity of the plantation industry, 
therefore, a steady und rapid increase in the world’s consumption 
of raw rubber must follow the return to normal conditions, since 
for the last three years the demand has remained practically station¬ 
ary at about 300.000 tons per annum, resulting in.the accumulation 
of a surplus stock variously estimated to ameunt to between 
70,000 and 90,000 at tl|p end of 1920. 

> India Rubber J., 1921, 62, 458. 

' Bull. R.a.A., 1921,3, 198. 

»" Ibid., 1921, 8, 434, 495. 

" India. Rubber J., 1921, 61, ^29. 

Butt. R.G.A., 1921, 8, 267. 

“ Ibid., 1921, 8, 8. 
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The most likely outlet for an increase in production would appear 
to exist in countries in which the demahd for rijbber goods is at 
present slight, as illustrated by the follo\<ing figuiss for per capita 
consumption :—United States, 4-16 ; Great Britain, 1-48 ; France, 
l-OO ; Italy, 0-50 ; Japan, 0-35. 

Any marked increase in the consumption of raw rubber would, 
moreover, seem most likely to depend upon the general development 
of motor transport, which has attained remarkable proportions 
in the United States,’'' as may be judged from the fact that the 
number of motor vehicles registered increased from 1,254,971 in 
1913 to 9,211,295 in 1920.’" As the world's total is estimated at 
10,922,278 vehicles, it would appear that the United States’ propor¬ 
tion amounts to no less than 83%, or, in other words, there are five 
times as many cars in use in that country as in all the rest of the 
world. 

Whilst special circumstances have no doubt contributed to the 
present preponderating position of the United States as a user of 
motor vehicles and tyres, it would appeal* reasonable to anticipate 
that the gradual development of motor transport in other countries 
will in time equalise the present disproportion and provide a market 
for the whole output of the existing plantations. Such development, 
however, must be conditional upon adequate and cheap supplies of 
motor fuel, and the continued prosperity of the plantation industry 
will therefore, to no small degree, depend upon those of petroleum 
and benzene, and upon the measure of success which attends the 
search for jretrol substitutes.”’ 

Production of Raw Rubber. 

The existing adverse conditions in the rubber market have natur¬ 
ally accentuated the importance of making every possible reduction 
in the cost of production of plantation rubber,'and for this reason 
increased attention is being given to the well-being of .the tree and 
the factors which govern the yield of latex. It is evident, however, 
that any investigations with the object of Improving, from the 
point of view of the planter, the yield of rubber or the processes of 
preparation, should also take into account the interests of the 
consumer, and, for this reason, the recent formation of a liaison 
committee between the Rubber Growers’ Association and the 
British Rubber and Tyre Manufacturers’ Research Association, 
and the inclusion of rubber manufacturers 'on the Ceylon Research 

“ Imlia Rubber World, 1921, 64, 728. 

'» Ibid., 1921, 83, 411. 

Report of the Committee for Scientific and Industrial Research, 1920-21, 
'43. “ Power Alcohol, its Production and Utilisation ”: G. ’iV. Monier- 
WUliams. 'Hqdder & Stoughton. 
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Advisory Committee” &re to be welcomed. It is a matter for 
regret that in the past outward appearance has been the factor 
determining th<t markpt* price of plantation rubber, as estate 
managers have ooncontrJited upon turning out a product df good 
appearance, without regard to the more important questions of 
uniformity of vulcanisation and physical properties,’* As a result, 
although plantation rubber now represents 90% of the world’s 
supply, it cannot yet be described as ideal from the standpoint of 
the consumer, who still prefers to use fine hard Para for certain 
special purposes, of which the manufacture of elastic thread may 
be given as an example. One of the reasons for this preference is, 
no doubt, that of uniformity of vulcanising properties, in which 
respect the early supplies of plantation rubber were seriously 
deficient. 

Since 1914 a large amount of work has been carried out in order 
to remove this ground for criticism, and as a result it is now' possible, 
by careful attention to the methods of preparation, to produce a 
reasonably uniform product. 

According to de Vries*’" the average variation in the rate of cure 
for smoked sheet from 150 estates in Java is now about 11% ; 
whilst individual plantations, working on standardised methods, 
can reduce this figure to about 2-5%. Those results, however, are 
more probably an indication of the degree of uniformity which is 
possible than an index of the general quality of the plantation 
rubber on the market, since this includes not only the output of 
large, carefully supervised estates, but that of many small ones 
paying little regard to scientific methods."" 

Until such time, therefore, as uniformity of '' cure ” is accom¬ 
panied by an enhanced price, there w'ould seem to be little incentive 
for general impixf^ment. Meanwhile, a more extensive adoption 
of identificatiod marks on the sheets of rubber would appear desir¬ 
able on th’e part of those estates proflucing a resisonably uniform 
product. • 

Whilst variability in vulcanising properties has been the main 
difficulty experienced by manufacturers in dealing with plantation 
rubber, this has not been the only ground for criticism. 

The existence of variations in the amount of mastication neces¬ 
sary to secure the degree of plasticity required for various factory 
processes has been suspected for some time, and re'cently some 
preliminary investigations into the problem haVe been published 
by H. P. Stevens."’ 

” Bull. B.a.A., 1921,*8, 114. 

’• 0. de Vries, Rubber Age, 1921, 2, 105. 

’• Ibid., 1921, 2, 360. 

*" In the Federated Malay States 409,026 acres are represented by 
holdings of less than 100 acres etch (India Rubber J., 1921, 62, 30). 

“ Bull. R.B.A.. 1921. 8. 340. 



368 BBPOBTS or the PK04kESS or APPUED CHEMiaTEY. 

The most likely outlet for an increase in production would appear 
to exist in countries in which the demahd for rijbber goods is at 
present slight, as illustrated by the follo\<ing figuiss for per capita 
consumption :—United States, 4-16 ; Great Britain, 1-48 ; France, 
l-OO ; Italy, 0-50 ; Japan, 0-35. 

Any marked increase in the consumption of raw rubber would, 
moreover, seem most likely to depend upon the general development 
of motor transport, which has attained remarkable proportions 
in the United States,’'' as may be judged from the fact that the 
number of motor vehicles registered increased from 1,254,971 in 
1913 to 9,211,295 in 1920.’" As the world's total is estimated at 
10,922,278 vehicles, it would appear that the United States’ propor¬ 
tion amounts to no less than 83%, or, in other words, there are five 
times as many cars in use in that country as in all the rest of the 
world. 

Whilst special circumstances have no doubt contributed to the 
present preponderating position of the United States as a user of 
motor vehicles and tyres, it would appeal* reasonable to anticipate 
that the gradual development of motor transport in other countries 
will in time equalise the present disproportion and provide a market 
for the whole output of the existing plantations. Such development, 
however, must be conditional upon adequate and cheap supplies of 
motor fuel, and the continued prosperity of the plantation industry 
will therefore, to no small degree, depend upon those of petroleum 
and benzene, and upon the measure of success which attends the 
search for jretrol substitutes.”’ 

Production of Raw Rubber. 

The existing adverse conditions in the rubber market have natur¬ 
ally accentuated the importance of making every possible reduction 
in the cost of production of plantation rubber,'and for this reason 
increased attention is being given to the well-being of .the tree and 
the factors which govern the yield of latex. It is evident, however, 
that any investigations with the object of Improving, from the 
point of view of the planter, the yield of rubber or the processes of 
preparation, should also take into account the interests of the 
consumer, and, for this reason, the recent formation of a liaison 
committee between the Rubber Growers’ Association and the 
British Rubber and Tyre Manufacturers’ Research Association, 
and the inclusion of rubber manufacturers 'on the Ceylon Research 

“ Imlia Rubber World, 1921, 64, 728. 

'» Ibid., 1921, 83, 411. 

Report of the Committee for Scientific and Industrial Research, 1920-21, 
'43. “ Power Alcohol, its Production and Utilisation ”: G. ’iV. Monier- 
WUliams. 'Hqdder & Stoughton. 
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It is unfortunate that? the great variation in the latex-yielding 
characteristics of ♦individual trees was not recognised at an earlier 
date,‘“ since, owijg to tjie comparatively slow development of the 
trees, a considerable poriid must elapse before any definite infor¬ 
mation can result from experiments on selective jnopagation, which 
have produced such satisfactory results in the case of the cinchona 
and indigo industries. Meanwhile, any improvement on the estates 
must bo mainly confined to the selection of poor trees for removal 
when thinning-out is necessary.^’ 

A number of papers have appeared during the year, di^aling 
with various aspects of the coagulation of labix, including one by 
G. Vernet,““ reviewing the general theory of the proce.ss. The 
effect of substituting scrum for water to dilut(! the latex has been 
studied by 0. de Vries,and it has been shown that this practice 
may tend to produce a non-uniform prodm;*, on account of the 
gradual incnsise in the amount t)f the nitrogenous constituents, 
the decomposition jiroducts of which constitute the natural vulcanis¬ 
ation accelerators j)resent in raw rubber. W. iSpoon has am))lifi('d 
the earlier ob.servation of Katon, that the use of brackish tidal river 
water for latex dilution affects the quality of the rubber. It is 
found that the presence of as little as 12% of sea water is sufficient 
to produce an appreciable change in both the strength and the 
rate of cure of smoked sheet, although in the ca.se of crepe the 
proportion may be increased to 28% before any detrimental effect 
becomes apparent. Do Vries and Spoon have, in conjunction, 
published the results of an mvestigation into the Ilcken-l)own 
process for the preparation of rubber,^' which is based on the 
spontaneous coagulation of the latex in the presence of a mixture 
of alcohol and fusel oil,''- and is claimed to give a yield of 5% to 15% 
in excess of thaVobtained by the usual process. The results, 
however, do iff)t point to any material difference in the yield, 
whilst the'product was found to possess the normal properties of a 
slow-vulcanising ixibber. 

The investigations into the effects produced by variations in the 
method of preparation on the ageing qualities of the rubber have 
been continued byO. de Vries and H. J. Hellendoorn,®" and their 
results indicate that reasonable variations in the method of 
coagulation and the treatment of the coagulum do not appreciably 

See Aim. Keph., 1920, 6, 334. • 

^ R. M. Richards, Rubber Age, 1921, 2, 77. C.*A. CJehlsen, ArcHief, 

1921,5,463. . 

Bull. Caoutchouc hiM . Colon, de Marseille, 1919, 107 ; J ,, 1921, 188a. 

Comm. Central Rubber Stai. Buiienzorg, 1921, No. 27 ; J ., 1921, 631a. 
80 IbUl, 1921, No. 25 ; J., 1921, 399a. 

« Ibid., 1921, No. 27 ; J., 1921, 631a. * 

“ E.P. 8487 of 19lS; J ., »lfl, 854. 

Comm. Central Rubber StcU. Buiienzorg, 1920,4, No. 24; J ., 1921, 123a. 



363 SEPOBTS or THE PBOOSESS Ot APPLIED CBEJnSTEY. 

• ^ 

affect the keeping properties of the rubber. It would appear that 
fast-curing rubbers tend to show a decrease in thtj rate of vulcanisa¬ 
tion on keeping, whilst with slow-vulcanising s^ples the change 
is in the opposite direction. The general effect of ageing therefore 
would seem to be in the direction of producing a greater degree of 
uniformity.’* In a recent jSper ” G. Bruni and C. Pelizzola drew 
attention to the presence of manganese in samples of rubber which 
developed tackiness on keeping, and put forward the suggestion 
that colloidal manganese oxide, acting as an oxidation catalyst, 
may be the cau-sative agent in certain cases in which deterioration 
takes place on keeping. It was found, however, that samples of 
African rubbers, which are notoriously prone to develop tackiness, 
were free from manganese, and, according to A. Dubose,” with 
this class of rubber the effect is to be attributed to the presence of 
sodium chloride. * 

During recent years the drying of rubber has received considerable 
attention, more particularly from the point of view of the manufac¬ 
turer ; the underlying principle of the v^ious new systems advo¬ 
cated appears to consist in reducing or eliminating the oxygen 
normally present in the process. In the first,” the air present in 
the drying chamber is first displaced with steam, and the removal 
of moisture is subsequently Completed in vacuo ; whilst in the 
second” an indifferent atmosphere is obtained by the use of purified 
ffue gases. 

The remaining method, known as the “ Hunter-dry kiln process,” 
has recently attracted considerable attention as the result of an 
experimental plant shown in operation at the Rubber Exhibition, 
and is claimed to have been largely adopted by manufacturers in 
the United States. By this process the drying is carried out in a 
heated chamber through which a current of air containing a high 
percentage of water vapour is circulated. , 

It is, however, too early to form any conclusion as to whether 
these processes offer any advantages over the Inethods of drying 
at present in use, and the same applies to a proposal to carry out 
the milling of rubber in the absehce of oxygen.*’ 

It is interesting to notice in conclusion a repent suggestion that 
direct use should be made of latex for the purpose of introducing a 
proportion of rubber into paper as a binding agent. ** This proposal 

»• H. P. Stevens, BuU. R.G.A., 1921, 3, 291 ; 0. de Vries, Comm. Central 
Rubber Stat, Buitennyrg, 1921, No. 25 ; J.^ 1921, 400a. 

•» India Rubber J., 1921, 62, 101 ; J.,^921, 6f3A. 

•• India Rubber World, 1921, 64, 897. 

” J. V. Worthington and A. W. T. Hyde, E.P. 150,043; J„ 1920, 098a. 

’• A. G. Metzler nnd Co., G.P. 332,974; J., 1921, 440a. 

. •• E,P. 138,915 ; J., 1921, 92a. 

** J. Forael, E.P. 124,887 ; J., 1921, 40bA. 

«* F. Kaye, E.P. 167,935 ; J., 1921, 690a. 
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recalls some qf the early experiments of Goodyear and Hancock, 
and would seemito hold out most prospect of success in tropical 
countries, in whj^h abiyidant supplies of suitable fibres and latex 
are to be found side by side. 

Vulcanisation. 

The last two annual reports have indicated clearly that this 
important subject has of late been receiving marked attention 
from scientific workers, and during 1921 numerous papers dealing 
with various aspects of vulcanisation have appeared, of which 
some of the most important will be discussed later under the heading 
of accelerators. 

The investigation of the remarkable reaction discovered by S. J. 
Peachey,*^ by which vulcanisation is effecteiJ in the cold by the 
nascent sulphur formed as a result of the interaction of hydrogen 
sulphide and sulphur dioxide, has been continued, and patents 
have been taken out cl!j|iming the use of the reactive gases under 
pressure,*’ and the application of the process to compounding 
ingredients liable to be adversely affected by heating.** 

The priority of Peachey’s claim has been questioned by A. 
Dubose,*’ who has drawn attention to the fact that some time pre¬ 
viously he put forward the theory that the reaction taking place 
during vulcanisation in the presence of accelerators is due to inter¬ 
action between the sulphur, resins, and bases yielding colloidal 
sulphur as a result of the formation and interaction of hydrogen 
sulphide and sulphur dioxide.** However, it does not seem to have 
occurred to Dubose to subject this theory to experimental proof 
by introducing the gases from an outside source, and consequently 
his paper can scikiely be held to anticipate the discovery that, 
not only does Vulcanisation result under these conditions, but that 
the change'takes place at ordinary temperature.** 

Arising from the study of accelerators, another process has been 
suggested recently by G. Bruni,*“ for effecting vulcanisation by 
means of sulphur without the application of heat. This method 
depends on the formj^tion in situ of thiocarbanilide or other disubsti- 
tuted aromatic thiourea by the action of carbon bisulphide on an 
aromatic amine incorporated in the rubber with a proportion of 
zino or other metallic oxide. An example is quoted in which a 
mixing containing 100 parts of rubber, 8 of sulphur, 20 of zinc 

•* Ann. Repts., 1919, 4, 328 ;' 1920, 6, 332. 

*■ S. J. Peachey, E.P. 162,429 ; J., 1921, 439a. 

** S. J. Peachey and A. Skipsey, E.P. 160,499; J., 1921, 368a. 

« India Rubber J., 1921, 61, 177 ; J., 1921, 58t. 

** Ann. Repta.r 1919, 4, 329. 

" S. J. Peachey, India Rubber J., 1921, 61, 163 ; 

« Cfiom. Chim. Ind. Appl, 1921, 3. 196 ; J., 1921, 620a. 
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oxide, and 6 of aniline is vulcanised at ordinary temperatures by 
exposure to the vapour of carbon bisulphide. i 

In this connexion attention may be, drawn Vo the discovery, 
dealt with later, that certain organic disulphides are capable of 
effecting vulcanisation rapidly without the presence of extraneous 
sulphur. 

The experiments on the relative activity of various allotropic 
forms of sulj)hur as vulcanising agents hav'e been continued by 
1). F. Twiss,‘* and in conjunction with F. Thomas some further 
results have been published.By the use of an iiccelerator it was 
found possible to compare the efficiency of insoluble (S/a) and soluble 
sulphur (SX.) at temperatures between 98° and 118° C., and, by the 
substitution of a synthetic diraethylbutadiene rubberfor the natural 
product, to obtain a further series of results between 168° and 
188°(!., the degree 6f vulcanisation in the latter case being based 
on determinations of combined sulphur, and not on physical proj)er- 
ties. Although the results obtained indicate that insoluble sulphur 
is somewhat leas active than the othe* foim, the outstanding 
conclusion is not so much the existence of this difference as the 
relatively equal efficiency of the several allotropic forms of sulphur 
as vulcanising agents. 

Probably as a result of the convenient method discovered by 
Peachey, attention has been re-directed to the vulcanisation of 
rubber in solution, which had been effected by several earlier 
investigators. 

It has been found by H. P. Stevens “ that if raw rubber containing 
10% of sulphur be dissolved in benzene and the solution heated 
in a closed vessel under pressure, there results, according to the 
degree and duration of the heating and the concentration of the 
solution, either a viscous liquid or a homogeneous gel of vulcanised 
rubber, either of which, on the evaporation of the solvent, yields a 
film of vulcanised rubber which cannot be,, rc-dissolvod. The 
rate of vulcanisation was found to depend upon tlu^ nature of the 
solvent and the proportion of rubber present in the solution ; for 
example, 10 grams of rubber in 100 c.c. of benzene was found to 
require twice the time necessary for the vulcanisation of the corres¬ 
ponding dry mixing at the same temperature. The solutions of 
vulcanised rubber obtained in this way appear to be very suscep¬ 
tible to the influence of light, which tends to convert them into gels, 
those, on storageen the dark, again reverting to the sol form. 

C 

** Ann. Bepts., 1919, 4, 327. 

“ J., 1921, 48t. 

E. Stem, 1909, 1060. F. W.« Hinriehsen and F. Kindscher, J., 
1910, 891; G. fiemstoin, J., 1912, 1087. A. Helbronner and G. Bernstein 
X, 19L14, 663. B. D. Porritt, Bttbber Indv^try^ 1914, 168, 

■ «.X. 1921, 186t. 
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The success of the suggested technical application of these obser¬ 
vations must 'largely depend upon the possibility of preparing 
reasonably concenWtcd^solutions of vulcanise<i rubber, which do 
not change rapidly during use into intractable gels. 

The properties of solutions vulcanised with sulphur mornwhloride, 
hydrogen persulphide, and trinitrobenzene have also been examined 
by Stevens, whilst independently the same field has been explored 
by M. Lo Blanc and M. Kriiger,*'’ who have studied, in addition to 
the ordinary hot and cold methods, the Peachey process and the 
effects introduced by the presence of accelerators. 

The results obtained by the various workers apjKiar to be in 
general agieemcnt, it being found that the solutions ])re))ared by 
heating with sulphur show hss tend('ncy to gel formation if the 
rubber has previously been well masticated or heated, being in 
this respect superior to those vulcanised wilh sulphur chloride, 
which, judged by the writer’s experience, arc too unstable to bo of 
any technical interest. In the case of gels pri^pared by the latter 
method, two types of the syneresis phenomenon arc exhibited. 
When a high proportion of sulphur chloride has been used a gradual 
slirinkagc takes place, the liquor exjxillcd containing little or no 
rubber ; whilst with smaller j)roj)ortions of the vulcani.sing agent 
complete or partial transformation into the sol form occurs, with 
the separation of a solid deposit containing a high proportion of 
sulphur. In the case of the gels prepared by the action of sulphur 
and heat, syneresis of the first tyj>o only has been observed, and 
that only as a result of exposure to light. 

It is not(fworthy that all those who have recently investigaterl 
the formation of vulcanised rubber solutions have found that, 
contrary to what .might be expected, the viscosity of the solution 
decreases as a ifsulf ■/ the treatment, and an analogous change in 
viscosity ia suspected to occur during the preparation of rubber 
gels by the action of light on solutions in the absence of oxygen.®® 

The suggestion of Le Blanc and Kroger that vulcanisation in 
solution may provide a simple and convenient method for the 
examination of accelerators is of considerable interest, it being 
stated that the effret of accelerators generally is to lower the 
viscosity of the rubber solution, and that, by a study of the syneresis 
and gel formation phenomena, it is possible to make quantitative 
comparisons of the influence of various accelerators. 

From some work carried out by the writer, it would seem that 
both nitrosodimethylaniline urd thiocarbanilide certainly reduce 
the viscosity markedly on heating for a few hours at 95° C., but 
the experiments showed that the presence or absence of sulphur 

®> H. P. Stevens, E.P. 164,770 ; J., 1921, 653a. 

“ Z. Ekktrochem., 1§21, 27,-335 ; J., 1921, 687a. 

®® B. D. Porritt, Rvhber Age, 1921, 1, 447. 
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in the rubber solution made little difference in the effects 
produced. 

The results of further work on this fubject, wiU therefore be 
awaited with considerable interest. The development in our 
knowledge of the vulcanisation process which has taken place in 
recent years has re-directed attention to the pioneer work of 
Goodyear and Hancock, whose independent discoveries have for 
some eighty years formed the basis of the technique of the rubber 
industry. The long correspondence wliush has appeared in the 
technical press regarding the relative merits of the discoveries of 
these remarkable men docs not, however, appear to disclose any 
new facts or warrant any modification in the view that Goodyear 
was the first to prepare specimens of vulcanised rubber by the 
use of sulphur in conjunction with white lead, and that Hancock 
subsequently disco\iered that heating with sulphur alone would 
effect the change if air were excluded during the treatment." 

Acoblebatobs. 

The importance of accelerators of vulcanisation has been recog¬ 
nised from the early days of the industry, and it is to the accidental 
use by Goodyear of white lead in conjunction with sulphur that the 
discovery of vulcanisation has to be attributed. As the last few 
years have seen the introduction of many new and powerful com¬ 
pounds, compared with the simple inorganic bases formerly 
employed, it may be well to point out that thi) importance of such 
substances to the technologist depends, not so much on the actual 
saving of time which may bo secured by their use, as on the pro¬ 
vision of a convenient means by which rubber mixings may be 
modified to meet special conditions of manufacture and usage. 
It has to be remembered also that many rubber articles, such, for 
example, as buffers and solid tyres, owing to their size and thickness, 
must be heated up slowly to ensure uniform vulcanisation, whilst a 
considerable amount of heating takes place in certain processes of 
manufacture, during which premature vulcanisation would be fatal. 
Consequently the use of powerful accelerators calls for considerable 
eaution, and renders indispensable special 'precautions for the 
aceurate eontrol of vulcanisation. 

The development of the organic accelerator may be said to date 
from the time when the synthesis of rubber and the variation of the 
natural product began to attract the attention of scientific workers. 

A large number of substances are now kno vn to act as accelerators 
of vulcanisation, and these may be divided into the 'following 
three classes: (a) Organic and inorganic bases; (b) Aromatic 

“ India Rubber J., 1921, 61, 72, 181, 710, 742a, 782, 886, 1226; 68, 
27, 128. 

" B. D. Forritt, J. Roy. Soc. Arte, 1919,67, 262. 
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nitroso compounds ; (c) Sulphur compounds containing the groups 
S:C-S- or -S-C-S-;. 

It was early recogniswl that other agencies were operative in 
vulcanisation besides sulphur and the accelerator, it having been 
noticed by L. E. Weber ** and H. P. Stevens that the removal 
of the natural resins was prejudicial to the action of litharge. 
Moreover, technical use soon showed that many of the organic 
accelerators required the presence of a small proportion of zinc 
oxide in the mixing before they could exert their full effect. 

Until recently no adequate explanation had been put forward 
for these facts, although it has boon suspected for some time that 
the active substance was not the accelerator, but some compound 
formed as a result of its interaction with the sulphur. 

This suggestion has been put forward in various forms by Dubose, 
OstromyslcMki, Kratz, Flower, and Coolidge; and by Scott and 
Bedford, besides being, the basis of two patents.*" 

A. Dubose" assumes that the chief agent in promoting vulcanisa¬ 
tion is thiocyanic acid. .There is, however, no evidence in support 
of this theory beyond the observation of B. D. W. Luff" that this 
compound can bo detected in pure mixings in which hexamethylene¬ 
tetramine has been used, and it fails, moreover, to explain the 
action of accelerators which contain ho nitrogen. 

The more generally aceepted viesw is that the reaction between 
accelerators and sulphur consists in the formation of unstable 
polysulphides which function as sulphur carriers. 

I. Ostromyslenski*" suggests that amines react with sulphur to 
form compounds of the thiozonide type, R-NH’S-S-S-NHR, by 
the loss of HzS ; whilst Kratz, Flower, and Coolidge'* assume the 
transient formatiqn of an unstable pentavalent nitrogen addition 
compound R-Nflj:!?. 

According to W. Scott and C. W. Bedford,*" however, formation 
of polysulphides of the type RNH 3 .SH : S takes" place ; in the 
case of an amine, a hydrosulphide is first formed by the addition 
of hydrogen sulphide resulting from the interaction of resins, 
protein, or the amine itself, and sulphur. On this assumption they 
classify accelerators*—excluding those of the nitroso type—^into 
two groups : (o) Hydrogen sulphide-polysulphido compounds ; 

(h) Carbo-sulphydryl polysulphide compounds. The first class 

*» J., 1912, 888. 

" J., 1912, 1099. 

«“ S. J. Peachey, E.P. 113,618; J., 1918, 216a. Goodyear Tire and 
Rubber Co., E.P. 130,857 ; J., 1919, 731a. 

“ India Rubber World, 1919, 69, 248. 

“ Rubber Age, 1921, 2, 410. ' 

" J., 1910, 370. 

•• J., 1920, 378a. 

“ J. Ind. Eng. Chem., 1921, 18, 125 j J., 1921, 228a. 
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comprises those inorganic and organic ba^s which arc believed to 
require the addition of hydrogen sulphide befojc'e they can form 
polysulphides ; whilst the second includoS( thioureas, dithiocarbam- 
ates, thiourams, marcaptans, and disulphides, which either form 
polysulphides directly or break down into compounds capable of so 
doing. As examples of the first class, aldehyde-ammonia and 
p-ph(Hiylonediamine arc cited, and as both of these substances 
evolve hydrogen sulphide when heated with sulphur at vulcanising 
temperature, their efficiency as accelerators should not l«i dependent 
ujion the presence of cither pfoteins or resins in the rubber. Hexa¬ 
methylenetetramine is especially interesting as a compound belong¬ 
ing to both classes. During vulcanisation there are produced, 
amongst other products, both ammonia and carbon bisulphide, 
which alone or with basic products present in the rubber will form 
dithioearbamates. Simultaneously with these, hydrogen sulphide 
is liberated, which, with the ammonia and sulphur, will produce 
polysulphides. In dealing with the inorganic accelerators, Scott 
and Bedford distinguish three types. Whilst the sulphides and 
hydrosulphides of the. alkali metals are considered to belong to the 
first ola.ss, and accordingly are de.soribcd as “ primary accekrators,” 
the action of litharge and zinc oxide is attributed merelyto decom¬ 
position of the polysulphides by the removal of hydrogen sulphide, 
facilitating the removal of the sulphur ; these compounds therefore 
being termed “ secondary accelerators.” The hydroxides and 
oxides of the alkali and alkaline-earth metals form an intermediate 
class, functioning initially as secondary accelerators during their 
conversion into the corresponding sulphides, which then take up 
sulphur and act as primary accelerators. 

Some evidence in support of the correctness of these views 
regarding the behaviour of inorganic accelerators has been supplied 
by D. K. Twiss,” who has shown that the conversion of potassium 
hydroxide into the hydrosulphide does not affect its activity as an 
accelerator ; they would be still further strengthened if lead sulphide 
were proved to be inactive. 

The explanation of the action of the second class of accelerators 
is not, however, so straightforward. t 

The use of the thiourea and dithiocarbamate derivatives ot 
organic basqs, such as dimethylamine and piperidine, w'as suggested 
first by the Baye^ Company in 1013," the object being to provide 
a convenient meg.ns of introducing liquid or volatile bases into 
mixings in a solid, non-volatile form, which subsequently was 
assumed to decompose during vulcanisation with the liberation of 
the base. At this date, the action of accelerators was supposed to 
depend upon basicity alone, as is shown by the Bayer general 

•« J., 1921, 2«t. 

" E.P. 11,615 and 12,777. 
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patent taken out in I9l4p, protecting the use of all bases having a 
dissociation constant highgr than 1 X lO”"®. 

Technical use soon brought to light the fact that the activity of 
the dithiocarbamate class of accelerator was greatly increased by 
the presence of a small proportion of zinc oxide in the mixing, 
the action of which had to be explained. Recently, (1. I). Kratz, 
A. H. Flower, and B. J. Shapiro have suggested that in the case 
of diphenylthiourea, an acid substance, probably a thiocarbamic 
acid cajiablc of reaciting with zinc oxide, i.s formed as one of the 
decomposition products, and that this zinc salt is the accelerator. 
Scott and Bedford, who appear initially to have considered that the 
activity of this class of accelerators depcnd<Hl on the presence or 
formation of the carbosulphydryl group, : and that this, by 

the addition of sulphur functioned as a polysuljjhide, were subse¬ 
quently led to modify their views, and in a papier by the latter and 
Ij. B. Sobrell,'“ it is suggested that the mechanism of the action of 
these accelerators can be explained by the formation of very active 
zinc salts. ^ 

The same conclusion has been reached independently by G. Bruni 
and M. Romani,” whose inve.stigations appear to have been based 
on an observation made in 1917 by Ostromyslenski that zinc 
cthylxanthate is a very active accelerator. From the analogy 
between the xanthates and the dithiocarbamates, RO.CS.SM, 
RjN.CS.SM, it seemed probable that the metallic derivatives of the 
latter would possess similar properties, and such indeed was found 
to be the case. These compounds, however, are not considered 
by Bruni to bo the actual catalysts. 

It has been .shown by E. Romaniand by Scott and Bedford” 
that the thiouram disulphides are very powerful accelerators, and, 
according to the ^,>/n'er worker, are themselves capable ot effecting 
vulcanisation without the presence of additional suljihur. 

The activity of the zinc alkyl dithiocarbamates and the correspon¬ 
ding xanthates ha^ therefore been attributed by Bruni and Romani, 
and, independently, by A. Maximoff,'* to a reaction taking place 
with the sulphur, resulting in the formation-of zinc sulphide and a 
disulphide :— , 

(RjN.CS.KljZn-t-S ZnS+RjN.CS.S.S.CS.NRj. 

In the case of the thiourea compounds, the formation’of a mustard 
oil is assumed to take place first, monophenylthiourea giving 

«» E.P. 12,661. , 
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phenyl isothiooyanate. This then reacts with sulphur, forming 
mercaptobenzothiazolo, the zinc salt of the latter yielding a 
disulphide ;— ,, 

C,H 5 .NH.CS.NHj -* S : C:N.C,Hj+NHa 

S:C:N.C,Hj+S - C.Ha<^^^C.SH 

^C.H,<^^\cS^aZn+S - ZnS+C.H,/^\c.S.S.C^^^C.H.. 

In support of this theory, Bruni and Romani have prepared a 
series of mcrcaptothiazoles. These compounds were found to be 
inactive, but they become accelerators when converted into their 
zinc, lead, or mercury salts. The intermediate formation of a 
mustard oil during vulcanisation seems to be supported by the 
observation that, whilst tri-substituted thioureas act as accelerators, 
the tetra-substituted compounds which are not capable of this 
reaction are found to be inactive. I). R. Twiss, moreover,” has 
shown that phenyl isothiocyanate, in the presence of zinc oxide, is 
an accelerator, although not to the degree which might be expected. 

According to Bruni, therefore, the activity of the cnrbo-sulphuryl 
group of accelerators is duo to the formation of disulphide compounds 
—termed by him ultra-accelerators—which, by conversion into 
monosulphides, supply the sulphur in an active form for 
vulcanisation :— 

: C.S.S.C ; ; C.S.C ; + S 

Bedford and Scbrell, however, as a result of a study of the action 
of this class of compounds on the gel formation of rubber solutions 
in the cold, maintain the view that the effects aio to be attributed 
to the formation of polysulphide derivatives of the metallic salts 
of the mercaptans, xanthates, etc., and not to the decomposition 
of these salts into the disulphides.” Whilst b.oth those theories 
explain the need for the use of zinc oxide in conjunction with many 
accelerators, the results of further investigations must be awaited 
before the nature of the catalyst projier can be decided. 

It should bo noted also that, so far, no serious attempt has 
been made to explain the accelerative action of the nitroso com¬ 
pounds, although suggestions have appeared attributing this 
effect to the liberation of both hydrogen sulphide and sulphur 
dioxide during vulcanisation,” or to some action of the NO group 
on the double bonds of the rubber hydrocarbon.” 

” J., 1921, 247t. 

1* Qiom. Chim. Ind. Appl., 1921, 8, 196. 

” J. Ind. Eng. Chem., 1921,18,1034 ; J., 1922, 110a. 

* Scott and BedfoKi, J. Ind. Eng. Chem., 1921,13,126. 

A. Angeli, India Rubber J., 1921, 65. 
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Reference may now b6 made to the well-known fact that when 
organic accelerators are employed the extent to which combination 
has taken place betweeij sulphur and rubber is no longer an index 
to the degree of vulcanisation as judged by i)hysical and ageing 
tests.®" 

Some further investigations on this* subject have been published 
by (j. D. Kratz, A. H. Flower, and B. J. Shapiro,** which illustrate 
the remarkable devt'lopment in th<! tensih? .strength of mixings 
contauiing zim; oxide an<l thiocarbanilide during the early stages of 
vulcanisation when the sulphur coefficient is still low. T). F. I’wiss 
incidentally brings out the same fact in a paper giving the results 
of furtiujr work on certain abnormalities .shown in the strc.ss-strain 
characteristics when hexam(dhylon(!tetramine is used as accelerator. 
It is jiroved that the t(^m])orary reversal of vulcanisation shown by 
this accelerator in the jiresence of zinc oxide disappears if the 
amount of the latter Ls increased over 2%, whilst it becomes more 
marked with reduced pro])ortiona of sulphur. This ellect, which 
appears to b(^ a special^ characteristic of ht^xamine, ref|uircs the 
presence of some finely-divided filler, such as carbon-black or zinc 
oxide, to develo]), and is attributed to the formation during vul¬ 
canisation of some acidic decomposition ])roduct, which beciomes 
masked by the presence of larger quantities of zinc oxide. 

The mixings generally employed for experimental work are 
usually of the ty 2 )e : rubber 90, sulphur 10 ; which, although 
satisfactory for the jmrpose, arc open to the objection that the 
proportion of sul])hur is considerably higher than that normally 
employed in works j)ractice, particularly in mixings in which 
accelerators are included. 

For this roasoa,. ?. Schidrowitz and J. R. Burnand ®® have 
examined the J^elfitviour of mixings containing apjtroximately 
4% and 2% of sulphur in the presence of piperidine piperidjddi- 
thiocarbamate and zinc oxide, and have studied the effect of the 
accelerator on the physical properties. Their results indicate 
that the addition affects the type or slope to a marked degree, and 
have led the authors to modify somewhat their view's regarding the 
constancy of this characteristic.** It was found that the “ tough¬ 
ness ” is considerably increased, since at “ technically correct " 
cures the stress at breaking point is increased by about 60% com¬ 
pared with the unaccelerated mixing, w'hilst the strain remains 
comparatively unaffected. It was, moreover, shown as a result 
of the examination of u series of mixings containing 2% of sulphur 

“ Ann. Repts., 1920, 8, 340. 

** J. Ind. Eng. Chem., 1921, U, 128; J., 1921. 229a. 

" 1921, 242t. 

•* J., 1921, 268t. 

** Ann. Repta., 1919,4, 334; 1920,6, 340. 
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and 2J% of zinc oxide, that for satisfactot-y results the proportion 
of the accelerator should not fall below a critical value lying between 
0-25% and 0-50%. 

An examination of the efficiency of various organic and inorganic 
accelerators in a zinc oxide mixing has boon made by H. A. Endres,*® 
whilst the results of experiments on similar linos with a series of 
lead compounds have been published by J. M, Grove.®" 

In conclusion, attention might be drawn to the suggestion put 
forward by J. B. Tuttle,*' that the variability of plantation rubber 
should be tested in a mixing containing a small proportion of zinc 
oxide, on the ground that a better indication of the behaviour of 
the material under technical conditions should be obtained as a 
result of the removal of any acidic substances giving full scope 
to the natural accelerators present. The adoption ot this proposal, 
however, would probably tend to reduce rather than accentuate 
the variability shown by tests in simple rubber-sulphur mixings, 
and thereby diminish the incentive for the production of a uniform 
product suitable for all classed of rubber monufacture. 

CoMPouNDmo Ingredients. 

There is comparatively little to record in connexion with com¬ 
pounding ingredients, the importance of fineness of division, 
referred to in previous reports, being now fully appreciated. For 
this reason the properties of clays, either natural such as “ Benton¬ 
ite,” or specially prepared in a fine state of division,** are receiving 
considerable attention, and these have been suggested*® as a suit¬ 
able medium for the introduction into mixings of the more active 
accelerators. In connexion with the difficulties incidental to the 
introduction of carbon-black into mixings, it has been suggested 
that the evolution of duet could bo avoided, and more uniform 
mixing secured, by first incorporating the pigipent in a solution 
of glue,®" a material which, incidentally, appears to have enjoyed 
considerable popularity with American manufacturers as a com¬ 
pounding ingredient. 

Passing reference might be made, in connexion with the com¬ 
pounding of rubber, to the recent development of various types 
of automatic mixers, in which the operation is carried out in an 
enclosed chamber.. 

•" Caoutchouc et Guttapercha, 1921, 18, l'i,089 ; 1921, 858a. 

•• India Rubber WorU, 1921, 64, 663 ; J., 1921, 668a 

" J Ind. Eng. Chem., 1921,13, 519 ; J., 1921, 709a. 

** Schidrowitz, W. Feldenheimer, and.W. W. Plowman ; E.P. 153,343 j 
J., 1921, 19a. 

,*® P. Schidrowitz, and Catalpo, Ltd., E.P. 170,682 ; J,, 1921, 868a. 

GoodyearTireandRubberCo.,E.P. 146,993and 161,483; J.i 1921,400a. 
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Thb SIhbss-Steaik Cueve. 

The subject of t.he inteiqjretation of the results of the stress- 
strain curve has been deajttwith in considerable detail in preceding 
reports,” particularly in respect to the theory of Schidrowitz and 
Goldsbrough, that the “ type ” or “ glope ” represented by the 
inclination of the latter part of the curve to the stress axis is for any 
one mixing independent of the degree of vulcanisation. This 
conclusion has been contested by various workers, including 0. de 
Vries and, more recently, H. P. Stevens. The former has stated 
that the inclination increases with progressive vulcanisation,” 
whilst the latter observer finds the reverse effect to obtain. 

In discussing these discrepancies, P. Schidrowitz” puts forward 
the suggestion that thermal effects may have some influence on 
the results, since the rates of loading employed by de Vries and 
Stevens were much higher than those used in liis original invefsti- 
gation. 

Reference has already been made to the effect produced on the 
slope of the stress-strain'curves by the addition of accelerators 
to mixings ; it being shown by Schidrowitz and Burnand that 
in such cases, not only is the slope variable, but in place of the 
average figure of 35 units for a standard rubber-sulphur mixing, 
results of 28 and 29 are frequently obtiincd, illustrating the fact 
that by the use of appropriate accelerators special physical proj)erties 
may be imparted to the rubber. 

In a recent paper, E. Hatschek *“ suggests that, in place of the 
customary representation of “ elongation ” agamst the load, 
calculated on the original cross-sectional area, which takes no 
account of the changes resulting from stretching, a more rational 
and simple method'jf^ould be to plot the strain against the stress 
calculated on tlw corresponding cross-sectional area. The same 
proposal has?been put forward by J. W. Shields.” .This modifica¬ 
tion is rendered possible by the fact that the volume of rubber in a 
pure mixing piay be taken to remain constant within wide limits 
during deformation. If, however, fillers are introduced, it has 
been shown by H. F. SchippeP* that this assumption is no longer 
justifiable. * 

When the results are plotted in this way, the inflexion which is 

normally shown at an elongation of 100% disappear^, and the 

• 

” See Ann. Repts., 1919, 4, 334 ; 1920, 6, 346. 

” BuU. B.a.A., 1921, % 246 ; . 1922, 67a. 

“ J., 1920, 308t. 

” /ndia Hatter J., 1921, 62, 481. 

J., 1921, 268t. 

•' J., 1921, 251t. 

” India Rubber J., 1921, 82, 630. 

” J. Jnd. Eng. Chem., 1920, 12, 33. 
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change in curvature and slope becomes quite gradual. "* The nature 
of the curves thus obtained has been examined# and found to be 
representable by the equation for a rectapgular hyperbola. Such 
being the case, if a be the distance of the asymptote from the axis 
of the curve, and 6 the intercept cut off on the asymptote by the 
tangent to the curve at thfe axis, it follows that the ])roduct ab 
will determine the size or scale of the hy])erbola, whilst the relative 
values of a and h will determine the proportion of the curve lying 
above the stress axis. It is suggesteid by Hatschek that further 
investigation may show the jiroduct ab to be a characteristic of the 
rubber, and the corresponding ratio to depend on the degree of 
vulcanisation. 

Whilst this method of rejircsentation is very interesting for the 
purpo.se of comparing the jiropertics of rubber with those of other 
more rigid materials,' which follow Hooke’s law, there is much to be 
said for the view expressed by P. Schidrowitz that, by so doing, 
one of the imjiortant characteristics of the material is masked, and 
that, by eliminating the sharji infli^ction point shown by the curve 
as normally plotted, a property of technical importance laaionies 
obscured. 

A further jtoint of sonu^ interest is evident when examining the 
curves obtained with the Schopiier ring-testing machine—namely, 
the (existence of a brief jicriod m^ar the origin during which, contrary 
to what might bo expixited, the ajiplication of stress ])roduce.s , 
comi)aratively little change in the strain. .This may Is^ due to 
deformation taking place in the test pieces, as suggested by Hatschek 
(ibid.), but the saints effect is shown to a markixl degree by crude 
rubber which has become somciwhat hard as a result of keeping. 

Physical Peopebties. 

The important work of W. B. Wiegand on the stress-strain 
characteristics ef rubber'*' has been continued, and a fii’rther jtajier 
contains the results of an investigation into tho»onergy transforma¬ 
tions which occur during stretching.'"* It is pointed ,out that the 
work applied in deforming the material is transformed into three 
forms, viz., stored potential energy, reversible heat, and frictional 
heat, and on rapid retraction the potential energy is largely rotrans- 
formed into work, whilst a further development of frictional heat 
occurs. The form of the hysteresis cycle, therefore, will obviously 
depend on whether the tests are carried out rapidly or slowly to 
facilitate the dissipation of the eneigy transformed into heat, the 
latter being the method which Wiegand fouitd the more satisfactory. 

*“ India-Rubber J., 1921, 62, 959. 

India-Rubber J., 1921, 62, 679. . 

'*' Ann. Repls., 1920, 5, 343. 

- ">* J. Ind. Eng. -Chem., 1921, 18, 118; India-Rubber J., 1921, 61, 663 : 
J., 1921, 229a. 
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The preliminary results sliowed that the energy losses due to heat 
development Iwcafae very jnarked for elongations exceeding 300%, 
the curve obtained by j|lptting elongations against hysteresis loss 
being a rectangular hyperbola. (Consequently, for the subsequent 
exj)criment.s to determine the effect of the degree of vulcanisation 
and the addition of fillers, an extension of 200% was employed, 
with a rate of extension in the neighbourhood of 20 inches per 
minute. In this way it was found that the energy loss due to the 
development of frictional heat amounted in the case of a pure 
mi-xing to only 4% of the total work, and that this figure further 
slightly diminished by over-vulcanisation. When, however, 5 and 
20 volumes of zinc oxide are introduced into the mixing, the losses 
are increased to 8% and 14%, n-spectively. Against this increased 
heat develojiment shown by compounded mixings under stress, 
however, has to be set the improvement effifcted in the thermal 
conducticity,'"* in which res))ect zinc oxide would seem at first sight 
to posse.ss considerable advantages over carbon black. With a 
])neumatic tyre, howevci;, the transformation of energy into heat 
in the rubber tread is small in comparison with that taking place 
ill the cotton fabric or cords of the casing, and Wiegand gives some 
interesting results showing the relation between the number of 
plies of canvas and the energy constimption on flexion as shown 
by pendulum measurements. 

The .subject dealt with by Wiegand in the present and previous 
pajiers is one of gri'at technical importance, and his work should 
serve as a stimulus to further research in connexion with the various 
factors which determine the efficiency and durability of motor tyres. 

'fhe well-known " grain ” sometimes shown by articles made 
from calendered sjicct has been investigated by A. van Rossem,’"* 
who shows that, th^' ]iroperty—consisting of a marked difference 
in the str(;ss-straiii eharactorLsties between the transverse and 
longitudinal directions—-disappears when the rnalerial is heated 
to 70° C. for two hours and .allowed to shrink freely. 

It has been suggested by R. W. Lunnthat this effect may be 
explained by assuming spheroidal particles of a viscous liquid 
enveloped by an elastic skin, which arc flattened and elongated 
in one direction by passing between the rolls of the calender. It 
is assumed that, whilst the viscosity of the internal liquid is 
sufficiently high at ordinary temperatures to maintain the particles 
in a deformed condition, this becomes reduced nti warming, with 
the result that reoovery,can th’ n take place. 

The observation by W. B. Wiegand,'®* that treatment with a 

A. A. Somerville, Jndia-Rubher J., 1921, 62, 89, 94, 

'«• India-RiMerJ., I 52 I, 62, 343 ; J., 1921, 667a. 
jrn<Ko-BM 666 r X, 1921,62,^31. 

/n4io-B«i>6erJ., 1921,62,733. 
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solvent is equally effective in removing *“ grain ” appears to show 
that this phenomenon is not a “ Joule ” effeeJt, as supposed by 
van Rossem, but is in some way conpected with viscosity, as 
suggested by Lunn. 

The solubility of various organic compounds in rubber has 
been investigated by G. iSruni, employing the “ cooling curve ” 
method*®’; the results with naphthalene, azobenzene, etc. show 
rubber to behave as a normal solvent; whilst H. P. Stevens, in 
his work on the vulcanisation of rubl)er in solution, has produced 
further evidence in support of the greater solubility of sulphur in 
vulcanised, compared with raw, rubber. 

Some experiments on absorption of light by caoutchouc in 
ethereal solutions have been carried out by S. J. Lewis and B. D. 
Porritt,’*® whose results indicate that this is of the general type, 
and not pronounced for wave lengths greater than 2700 units. 
Whilst this explains the protective influence exerted by certain 
dyes against the detrimental effects of sunlight,*®* the work has not 
been carried far enough to afford any evidence regarding the 
constitution of rubber. The suitability of rubber sponge as an 
insulator for cold storage chambers has also been examined.**® 
When specially prepared in a highly ccUular form, this material was 
found to possess a heat conductivity lower than that of any of the 
numerous other insulators investigated, and, if it could be produced 
commercially in suitable form, a new application for rubber would 
appear to be in prospect. 

Ageing. 

The need for some quick test to indicate the durability of rubber 
goods has been felt by the manufacturers from the earliest days 
of the industry, but, so far, no thoroughly reliable method has been 
devised for the purpose, probably for the reason that the changes 
which occur are undoubtedly complex and influenced'by different 
factors according to circumstances. This ffwt is emphasised by 
0. de Vries and H. J. Hellendoom,*** in a paper giving the results 
of ageing tests on a series of cures of a 92-5 : 7‘5 rubber-sulphur 
mixing over a period of two years. The results of the physical 
tests on these samples show that whilst the strain steadily diminishes, 
the stress initially increases on keeping, but later diminishes. 

Whilst this behaviour is in general agreement with the work of 
Stevens and other investigators, the fact that the results do not 

show any marked signs of instability in the case of over-vulcanised 

• 

*** RtMcr Age, 1921, 2, 280. 

*“» J., 1921, 18t. 

*»• B. D. Porritt, India-Rubber J., 1920, 60, 1159 ; J., 1921, 19a. 

**9 Food Investigation Board, Special Report Nf. 5, p. 55 : H, M. Stationeiy 
Office, 1921. 

■ U* Iticlfiot-i^ubber J,, 1921,6L 87, 
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^mples containing bet'ifreen 4«/„ and 6% of combined sulphur must 
Tw surprising U6 those^ familiar with technical conditions. It 
has, however, been suggested^'* that these abnormal results may be 
due to the special climatic conditions under which the tests were 
carried out, the presence of considerable quantities of water 
vapour having been found to exert a protective influence.^" 

In carrying out ageing tests, in addition to considering the 
effects produced by light, temperature, and water vapour, attention 
should be paid to the well-known fact that all rubber goods tend 
to become hard on prolonged storage, and require warming or 
mechanical treatment to produce a flexible condition in which any 
permanent alteration in physical condition can be detected.”* 
Having regard to the variety of factors which influence the ageing 
of rubber, it is not surprising to find W. C. Geer and W. W. Evans”* 
emphasising the need for caution in interpretmg the results obtained 
by accelerated tests carried out in hot-air ovens at 160° F. These 
workers find that under these conditions a period of three or four 
days is generally sufficient to yield useful information regarding 
the durability of a sample, particularly in respect to the effect of 
over-vulcanisation. 

The statement, referred to in last year’s report,”* that tjie 
substitution of carbon-black for zinc-oxide produces an adverse 
effect on the ageing qualities of a mixing, has been subjected to 
severe criticism by W. B. Wiegand,”’ and, in the light of long tech¬ 
nical experience since the days of Hancock, there seems little 
reason to anticipate any detrimental effect resulting from the use 
of this pigment, provided it be satisfactory in quality. 

Miscbllakbous. 

A welcome fealrfre of the year has been the material development 
of a wider interest in the underlying problems of tyre manufacture 
and usage, which formed the subject of a' paper read by 
C. Macbeth”* before the Institution of Automobile Engineers. 

As pogress in tyre design obviously must involve the study of 
condition^ of usage as wcU as methods of manufacture, the proposed 
initiation of an investigation into the complex problems of car 
suspensions by the British Motor Research Association is a develop¬ 
ment of considerable importance to the rubber manufaeturer. 

Another important problem common to the rubber and motor 
industries is that presented by the supply of'petrol and similar 

“* H. 1’. Stevens, In4ia-Rvb‘i -' J., 1921,61, 310. 

“• Ann. Repta,, 1920, 5, 345. 

“* P. Schidrowitz, India-Rubber J., 1921,61, 261. 

“* India-Rubber J., 1921, 61rll63. 

Ann. Repts., 1920, 6, 346. 

/n<i»o-P«65ery., 1921,61, 604. 

“• India-Rubber J., 1921,61, 929, 976, 1021, 1071. 
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solvents, which have greatly increased in price during recent years. 
For this reason, processes designed for the cfBcien*t and economical 
recovery of solvents are now of copijiderablo interest, and 
attention may therefore bo directed to two recent papers, by 
I. Masson and T. L. McEwan,”* and A. A. Drummond,dealing 
with cordite solvents, as well as to tlie })romised publication by the 
Department of Scientific and Industrial Research of fuller details 
regarding the plant and working of solvent recovery installations 
in Government factories during the war. 

As the methods hitherto used or suggested for the separation of 
solvent vapour from air have, in general, depended upon eithc- 
direct condensation by cooling or absorption in some high-boiling 
liquid, a re(!ent proposal to employ silica gels for this purposes 
should not be ov'erlooked.*^' 

Analysis and Testing. 

It is to be regretted that for the time being the subject of nibbcr 
analysis does not appear to lie receiving the attention which its 
importance and im[X^rfcctk)na deserve. 

During recent years consideration apjK'ars to have been directed 
more to physical than to chemieal methods, and, as an examjile, the 
suggestion that X-ray examinations might prove of technical 
value*® has been taken up and successfully employed for the testing 
of golf balls. 

The importance now attached to the fineness of division of 
compounding ingredients has naturally brought the microscope 
into prominence as a means of determining not only the average 
particle size of fillers, but the uniformity of their dispersion in the 
rubber mixing. The difficulty which has stood in the way of the 
general application of microscopical methods to the examination 
of rubber has boon one of technique, it being impossible lo prepare 
satisfactory specimens for the purpose by the usmil wax embedding 
method, except with material in which a film of rubber is firmly 
anchored by textile fibres. By the use of the freezing method, 
however, H. A Depow and I. R. Ruby*® have su(jceedod, by employ¬ 
ing liquid carbon dioxide supplemented by liquid air, in preparing 
sections sufficiently thin for examination by transmitted light, 
and as an alternative it has been suggested that the necessary 
rigidity for cutting might be obtained by treatment with dilute 

**• ,/., ]92I,.32t. 

J., 1921, 284t. 

**> E. B. Miller, Chem. and Met. Eng., 1920, 23, 1155, 1219, 1251 ; J., 
'1921,109a. 

*® Nature, 1920, 104, 698. 

*«’ J. Ind. Eng. Chem., 1920, 12, 1156 India-Rubber J., 1921, 61, 37 ; 
,7 .,1921, 52a. 
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sulphur chloride solution.'^* The methods outliued seem likely to 
remove the diffichlties experienced in the past, and before long 
microscopical examination may be included amongst the standard 
tests to which rubber samples are subjected. 

The deb'rmination of hardness has been a test upon which much 
tliought and ingenuity have been exjjcndod, particularly in con- 
■ nexion with the products of metallurgical industries. In the case 
of rubber goods, the wide variation in the physical properties due 
to differeivais in the degree of vulcanisation and the proportion of 
com])ounding ingredkmts has rendcnid the problem one of special 
difficulty. For this reason a paper by H. P. Gurney.'^s dealing 
with thi.s question, is worthy of careful attention, although it can 
.scarcely be expected that any one ini-trument will be found applic¬ 
able to materials so diverse in character as masticated rubber and 
ebonite. • 


The (lamination of balloon fabrics has formed the subject of two 
puldieations during the year, by A. W. Ritchie*^* and J. W. W. 
i)ycr,’“’ Although these papers arc of considerable interest to 
those concerned with tlie manufacture of such materials, the 
methods of te.sting described are not particularly novel, being 
largely based upon those evolved by the National Physical Labora¬ 
tory and earlk^r worlo^rs on this subject. 

From the analytical standpoint, the two most interesting com¬ 
munications wliich have appeared deal respectively with the 
detection of accelerators in vulcanised samples and the examination 
of antimony sulphide. 

As a r<!sult of a study of the former problem, D. F. Twiss and 
G. Martin^'"* lind that the presence of organic accelerators in a mixing 
results in an increase in the nitrogen content of the acetone-soluble 
constituents of tiV vulcanised material. The mean value for 
mattwial mylc up from Hevea plantation rubber has been foun(3^to 
be ajiproximatelv O'OH'/'oi calculated upon the original weight of 
the rubber, and if ft figure is obtained exceeding 0.05% the use of 
an organic •accelerator containing nitrogen may be suspected, 
I)articularly if the relationship between the physical characteristics 
and the coefficient cjf vulcanisation proves to be abnormal. The 
identification of the particular accelerator used is evidently a much 
more difficult matter, since, during the process of vulcanisation, 
these substances, wffiich are used in small proportions only, become 
largely tramsformod into other products. A general scheme of 

H. (iroen,/»i(iia-/t)Wi6rr J.,'!'t21.62, «22. 

.7. Ind. Eyu/. Chem., 1921. 13, 707 ; India-Rubber J., 1921, 62, 497 ; 
J., 1921, 819a. 

Advinory Committee for AeranmUics, Report and Memoranda, Noa. 360, 
584,614; H.M. Stationerj; Office, 1921. 

^ AeronautiealJ., 1921, 25, ^2. 

India-Rubber J., 1921, 81, 1283 ; J , 1921, 520a, 
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analysis has been suggested, involving the examination of the 
extracts obtained by treatment with p,cetone,'■water, and hydro¬ 
chloric acid respectively, by which it is, claimed an indication as 
to the type of accelerator present can often be secured. Further 
work would appear necessary on the behaviour of various acceler¬ 
ators in different types of'mixings, both pure and compounded, 
before the formulation of a reasonably general method of detection 
can be expected. 

In contrast to the foregoing problem, the analysis of antimony 
sulphide is a subject which has attracted attention for many years, 
the question usually at issue being whether the free sulphur 
extracted by treatment with boiling carbon bisulphide is an accurate 
index of the amount present under the conditions of vulcanisation. 
The results of an investigation into this matter have been published 
by B. D. W. Luff and B. J). Porritt,'"* who show that the higher 
sulphide suffers appreciable decomposition at 140° C., with the 
liberation of additional sulphur, and direct attention also to the 
possibility of insoluble sulphur (S/t) being present in samples of the 
pigment. For these reasons it is suggested that samples should be 
heated to 150° C. for five hours in an alkaline atmosphere before 
extraction, in order to decompose the higher sulphide and to 
convert any insoluble sulphur present into the soluble form. It is 
proposed that the result of this determination should be described 
as “ available sulphur,” a term independently suggested by D. F 
Twiss.**" 

From this work it would seem that the higher sulphide of antimony 
is not decomposed by low-boiling solvents, as has been assumed by 
many previous investigators, and that no appreciable decomposition 
takes place until a temperature in the neighbourhood of 130° C. 
is reached, when the red trisulphide is formed with the liberation 
of. sulphur. , 

Whilst the lability of the higher sulphide, which has recently 
been stated to be a tetra- and not a penta-eftmpound,'” may be 
regarded as satisfactorily settled, there is still room for further work 
to explain the somewhat surprising fixation of sulphur noticed by 
Luff and Porritt in the case of certain samples,heated at 120° C. 

“» J., 1921, 275t. 

Indie-Bubber J., 1920, 60, 1014 ; J., 1922, 20t. 

»» F. Kirchhof, Z anorg. Chem., 1920,112, 67 ; J., 1920, 721a. 
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LEATHER AND GLUE. 

By D. WooDBOFFB, M.Sc., 

Hmi of Leather Dept, Northampton Technical School. 

The year 1921 will long be rememberexl in the annals of the leather 
trade as one of the most abnormal periods in the history of the 
industry. It cannot be said to have been the worst year the 
trade has experienced, because many firms have had no short time, 
but on the other hand some have been shut down during the greater 
part of the year. The tanners and manufacturers who have man¬ 
aged to dispose of theii>output have been those enterprising people 
who could adapt themselves and their production to the abnormal 
demands which arose. This has applied more particularly to the 
light leather manufacturers. 

Two factors have greatly influenced the leather trade during the 
past twelve months, viz., the price of raw hides and the price of 
raw calfskins. A great slump in trade set in towards the middle 
of 1920. In some districts and in the case of solo leather generally, 
the demands fell off after Easter, 1920, and consequently the 
sole leather tanners were obliged to reduce their input of raw 
material. The price of raw hides still remained at its high level, 
partly owing to.Oie much higher cost of imported raw skins. It 
seemed evident €> ihe tanners that no progress could be made 
until the» price of hides had been reduced to a more reasonable 
level. With thii^ object in view the United Tanners’ Federation 
decided that in view of the slump some attempt should be made 
to cope with the abnormal situation which had arisen, and the 
members pledged themselves to reduce their input of raw material 
by 50%. The inetitable drop in the price of the raw material was 
effected,and the price of rawhides fell to below 5d. per lb., a figure 
which had not been known for nearly 20 years. This was the 
price ruling about Easter, 1921, and it became quite a tempting 
figure for the tanner. He commenced to lay in stocks at this 
figure, with the result that prices commenced to firm up, and there 
was a gradual increase from 5d. to lid. in October. It is probable 
that the price of hides will stabilise around this figure, which is 
about 50% above pre-war costs. The heavy leather trade was 
in a very depressed Cbnditien at the beginning of the year. Stocks 
■were being realised at most ridiculous figures, but having disposed 
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of their high-priced stocks, tanners developed confidence, and the 
year has closed with a certain amount of piisgivin^ as to the volume 
of future trade, but with a firm assurance tl^at there will be sufficient 
home trade to maintain a restricted economic production until 
the export trade revives. 

The position in the upper leather trade is rather different. Sole 
leather tanners have had nothing to fear from foreign competition 
because the adverse exchange rates tended to exclude American 
imports, but the greatest competitors in calf leathers are the fiVench 
and German manufacturers, who were considerably aided by the 
exchange rates. Raw calfskins had slumped in price early in 1920, 
but very few English tanners had taken advantage of this low 
figure, with the result that the price slumped still further to 8d. 
per lb., which, with manufacturing expenses, labour and overhead 
charges at 7d., enabled box-calf to be produced at a small profit 
at Is. (id. per foot. French caU was being imported in small 
quantities in 1920, but owing to its vastly superior quality and 
the large demand it was realising very high figures. When the 
winter slump reached its worst the price of imjioited calf slumped 
also and French calf was procurable at 2s. per foot. The German 
manufacturers had now begun to export to this country, and the 
low price of the mark enabled them to cut the figure to Is. Od. and 
later to Is. 3d. per foot, at which price it was impos.sible, for English 
or French manufacturers to compete. The English tanners were 
thus compelled either to shut down or to seek to improve their 
productions and surpass the imported German leathers. Many 
firms in the North elected to close down and have not opened since, 
but the manufacturers in the Midlands and in Scotland have 
exhibited more enterprise. They have made st^'enuous efforts to 
compete with the German and French tanners as regards quality, 
and. in the opinion of some of the leading boot manufacturers— 
and they are kden critics.—some of the upper leather produced 
in the British Isles to-day is equal, if not superior, to the best German 
and French productions. Some of the willow calf bein]g dyed and 
finished in the Midlands approaches as near perfection as we can 
ever hope to finish a natural and variable product such as hides and 
skins. 

As regards, the production of glazed kid, great strides have been 
made in this direction by many young firms. Some of the black 
glazed kid manufactured by young and progressive tanners is 
openly acknowledged by the boot manufacturers to be quite equal 
to the best American productions—which is a great admission on 
their part. But the Americans still maintain a splendid supremacy 
in dyeing and finishing coloured glazed kid, and there seems no 
likelihood of that pupremaoy being challenged. Leather dyeing 
is one of the weakest links in the British leather industiy, and no 



AND QLUE. 


381 


work has boon published during the past few years which shows 
any signs of proghess. There is still a close veil of secrecy n)ain- 
tained in respect of leather dyeing, hut progress is being made in 
certain directions, as evidenced by the excellent willow calf which 
is being obtained. As yet, however, this progress has not extended 
to glazed kid. ’ 

This year has witncs.sed a further growth of the leather and glue 
industries in our colonies, and some of them are beginning to export 
high-class leathers to the homo country. Canada, Australia, 
India, and South Africa have all shared in this development. The 
universal slump in trade has caased a temporary lull in some 
colonies, but it is only temporary, and the home tanners are already 
looking to their laurels. The leather trade in other countries has 
been passing through very critical times—America, Germany, 
and France are the only ones which need ‘be mentioned. 1’he 
slump has been a very serious blow to the American leather trade, 
but it has weathered the storm. The French and German tanners 
have not been so badly, hit by the slump as by the shortage of 
materials. Germany, in particular, has passed through some very 
strange experiences. Her leather factories hav'e not been able to 
work at their maximum output owing to difficulties in securing 
raw materials. It is not very clear‘'wliy, but it appears as if the 
financial straits of that country arc the root cause. 

In general, the position is very encouraging, and particularly for 
the British leather industries. Many tanners are manifesting a 
keen enthusiasm for improvement; the standard of Briti.sh produc¬ 
tion all round is being raised. The business heads arc keenly alive 
to the need for new blood and now methods, whilst retaining all 
that is best in t]ie old. A revolution has been brought about 
in liming proce^se^which would have been deemed impossible in 
pre-war ditys. Heiiining and bating are likewise being modified 
in accordance with the latest researches on the subject. The 
British tanmus are*becoming more and more imbued wdth scdentific 
ideas, and They arc beginning to realise the necessity for close 
chemical control of all purchased chrome tanning liquors or, what 
is much better, tho;^ arc manufacturing their own tanning liquors. 
Fat liquoring is still not very clearly understood, and the tanners 
of to-day prefer bought mixtures to pure products.which they 
can mix to suit their own requirements. Theje is considerable 
scope for the application of the principles of l^grometry to the 
drying plants in many jpatherTectorics. The latest typo of machine 
is built up on very sound scientific principles. The finishing of 
heavy, light, and dressing leathers has long been a foreman’s secret 
handed on carefully to sons 'and friends, but serious inroads are 
being made into the unexplored realm of that knowledge. The 
application of pigment Amishes, which w'as referred to last year, 
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has been considerably extended. An Eng:lish company has been 
formed to manufacture the finishes in thip country, and strenuous 
endeavours have been made to familiarisp tanners and dressers 
throughout the kingdom with their properties and application. 
The German practice of lightly buffing the grain of all heavier 
skins is being generally adopted and a superior finish and appearance 
is being obtained. 

Leather manufacturers throughout the country have begun to 
realise the truth of the late Lord Allerton’s dictum : “ Leather 
is made or marred in the limeyard.” The liming process has been 
revolutionised in many factories. 

It is very gratifying to find that the thirst for knowledge continues. 
The Leeds University Leather Industries Department* has been 
enlarged during the last year, to provide laboratory accommodation 
for additional students. More convenient quarters have been 
provided for the study of bacteriological and microscopical prob¬ 
lems in connexion with the industry. The entry of students has 
constituted a record in the history of the department and applica¬ 
tions from abroad have been refused owing to the unprecedented 
numbers of British and Colonial applicants. A large amount of 
valuable research work has been carried through at this institution 
and it is exerting a very beneficial influence on the trade. 

The Leathersellers’ Company’s Technical College has had one 
of its most successful sessions since the inception of the college; 
fK) students have been in attendance during the year and a very 
high standard of proficiency has been reached, as evidenced by 
their success in public examinations. The Northampton Technical 
School Leather Department has had a most successful session 
and the entries for full-time day courses for the new session have 
taxed the accommodation of the department to its limit. The 
students at the Runcorn Technical School have distinguished 
themselves, and the Leather Section there has Jiad a very useful 
session. The growth of educational facilities and the active interest 
manifested by members of the trade in the different centres where 
these institutions are situated, are significant features of the general 
trend of the trade. The manufacturers are kefcnly alive—as they 
have never been before—^to the importance of science to their 
trade. They, are acting on advisory committees in connexion 
with these educational institutions and affording many facilities 
to their employees- to participate in the training. 

A further gratifying feature of the yeai has been the pride 
exhibited by the leather manufacturers in their new Research 
Association, which has prosecuted its investigations during the 
year. Reports have been circulated to members, but the information 

^ Zeather Trades Rev.^ 1921, 329. 
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in them is confidential. Several new research stations * have 
been established in different parts of the world for investigating 
problems in leather manufacture; The American Tanners’ Council 
has fixed upon the University of Cincinnati as the eentre for a 
research laboratory and researches are being continued in colloid 
chemistry at the Columbia University as a result of an annual 
grant by a large firm of leather manufacturers in Milwaukee. A 
new research institute for the leather industry is to be erected at 
Dresden, Germany, towards the eost of which £400,000 has been 
contributed by the industry itself, £150,000 by the Export Bureau, 
and substantial amounts by the City of Dresden and the State of 
Saxony. It is also proposed to establish a research station and 
experimental plant in the United Provinces in India and a leather 
research institution is to be established in Sweden. The British 
Boot, Shoe and Allied Trades Research Association has done some 
valuable work during the year and has published a preliminary 
report on the properties desired in welted insole leathers. 

For a long time it has b,oen felt that there was a great dearth of 
up-to-date literature for the trade. The standard textbooks have 
been published over ten years and none of the authors has been 
able to devote time to the task of revising their publications. The 
most valuable textbooks are out of '[uint, and it has become a 
matter of groat concern to many that no fresh publications were 
being issued. The Germans have been far ahead of us in this 
respect, and the number and variety of their technical publications 
have been astounding. It is very gratifying to find some attempt 
made to remedy this lack, and the following books have appeared 
during this year; “ Tanning Materials ® (with notes on Extract 
Manufacture),” A. Harvey, Crosby, Lockwood and Son, London; 
“Animal Protein^,’ *^11. G. Bennett, Balliere, Tindall and Cox, 
London, am^ “Practical Leather Manufacture,”‘‘ H. G. Crockett, 
Leather Trades Publishing Co., Ltd. In addition'to these new 
books in English, there has appeared a new journal for leather 
chemists, Zeitschrift fiir Leder- und Oerberei-Chemie, edited by 
Dr. Moeller, and pubhshed by Otto Meissner Verlag, Hamburg. 

Soaking and Liming. 

Hitherto very little attention has been paid tp the raw skin. 
It has been generally recognised that its nature c(jd influence the 
finished leather and thaj stale’goods were inferior to fresh skins, 
but the tanner has not taken any special precautions to avoid 

" im., 1921, 860. 

• Ibid., 1921, 476. 

• Ibid., 1921, 859. 

‘ Ibid., 1921, 884. 
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loss in raw goods. G. D. McLaughlin® hUs studied certain charac¬ 
teristics of fresh hide thirty minutes after it had’ been flayed. He 
observed that at concentrations greater than N/20, organic acids 
produced most swelling of the corium. Further swelling was 
caused by immersing the acid swollen pelt in lactic acid. Sodium, 
potassium, and ammonium chlorides exerted a swelling action on the 
corium, whilst the chlorides of the heavy metals possessed a small 
swelling power only, in some ca.ses dehydrating the pelt. Less 
acid swelling was obtained if the pelt had been treated with metallic 
chlorides first. In later experiments’ McLaughlin showed that the 
sw'elling properties of ])elt were very adveisc’ly affected by allowing 
the freshly flayed skins to remain exposed to the air. The eorium 
was swollen with lime water and the amount of sw<dlmg obtained 
diminished 25% by exposure to the ordinary atmosphere for 4| 
hours. Acid w'as formed in the skin and the amount formed was 
determined by alkalimetric titration. Ex)>eriments aie being 
continued to determine the effect of solutions of different salts on 
the hide. 

H. 0. Ross, H. 0. Marris, and \Vm. Walker and Sons, Ltd., have 
taken out a patent* which bears on this subject. They And that 
certain enzymes are present in th(! eells of the skin and these can 
start putrefaction. Thrombase is ]noduced by the living cells 
composing the skin just before the cells die. Sa])roj)hyti(! bacterial 
infection produces a protcoclastic enzyme which exerts a detrimental 
action on the hide or skin. The. patentees have proposed to ])re.sorve 
hides and skins from the action of the thrombase by treating them 
with ammonia or other end products of the action of that en'zyme 
and from the action of the “ saprophase ” or protcoclastic enzyme 
by disinfection. A mixture of potassium oxalate, peptone, )ihenol, 
and glycerin is suggested in the specification. They ascribe the 
deterioration or partial depilation of skins after flaying to the action 
of these enzynies, particularly saproprotease. and thrombase, and 
in a subsequent patent® propose to use this action for unhairing 
hides and skins. The hides are dipped in a weak solution of 
ammonia and calcium polysulphide or lactate. The ammonia 
inhibits the action of the hacterial enzymes bqt docs not inactivate 
the physiological enzyme, thrombase, which is formed around the 
hair roots. The calcium polysulphide or lactate is added to activate 
the thrombase and, if thought necessary, a small addition of trypsin 
can be made to the unhairing liquor. 

The British Leather Manufacturers Research Association has 
been occupied on the problem of the bacteria occurring in soalts. 

“ J. Amwr, Lmtker Okem. Assoc., 1921, 16, -95 ; J., 1921, 669a. 

’ J. Amer. Leather Chem. Assoc., 1921, 16, 435 ; J., 1921, 781a. 

• ■ E.P. 169,468; J., 1921, 820a. 

•» E.P. 169,730; J., 1921, 820a. 
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They have isolator} a tremendous number of organisms, and it is 
their intention to investigate the characteristics and effects of 
each individual organism.- Some eminent leather trades’ chemists 
hold the view that the soak liquors and the bacteria present in 
the waters used in different tanneries, play a very important part 
in the quality of the leather produced. There are certain indica¬ 
tions that enzymes have a very desirable action on the fibres, but 
further work is required on the subject. 

The subject of bacteriology and microscopy has been very mpeh 
to the front during the past twelve months in connexion with the 
leather trade. W. Moeller'" has WTitten a number of articles on 
the structure of the hide fibres. A. Seymour-Jones” has made a 
.series of valuable contributions to our knowledge of the skin as 
it enters into the art of leather manufacture, and in conjunction 
with F. L. Seymour-Jones'- has given a sketch of the applications 
of the microscope to the leather industry. The valuable researches 
carried out by A. Seymour-Jones and the most excellent account 
which ho has jrablished ' have stimulated the interest of many 
workers in this branch of the science. 

A writer some years ago stated that the leather industiy presented 
a very profitable field of research to the technical mycologist. One 
firm of consulting chemists has instituted a special branch for the 
express purpose of specialising on the technical mycology of the 
leather trade. This enterprising firm has commenced the publica¬ 
tion of a bulletin containing a it cord of the most important work 
carried out by this branch, and the second issue’" contained an 
account of an investigation of the causes of “ run ” pelts in the 
sweating process. This defect was traced to nematodes, organisms 
of a worm-like cha'’joter which live on organic fluids. They be¬ 
longed to the fanfily Xnnathelminlhes and are found in all decaying 
vegetable and organic matter. They did not appear to be present 
in the skins on arriv^il at the tannery but were found in the sweating 
chamber itself, and it is suggested that they arise through insufficient 
regard for cleanliness in that chamber. 

R. H. Marriott'* has unhaired skins by the aid of dilute acids, 
particularly acetic acid, and he considers that this depilatory 
action is not bacterial but probably due to the hj'drolytic action of 
the acid on some prosthetic protein similar to mucin, the carbohy¬ 
drate group being attacked by some ferment whicli develops in the 
liquor. Acid unhairing is nqt so effective as ol*dinary liming as 
shown by the presence' of the sudoriferous and sebaceous glands 

Collegium, 1916 and 1918. 

“ J. Soc. Leather Trades Chem., 1918, 2- 

*=*1921,5, 56. . 

“ Bulletin No. 2 of the Bureau of Bio-Technology, Leeds ; J., 1921, 230a. 

J. Soc. Leather Trades Chem., 1921, 5, 2 ; J., 1921, 230a. 
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in the unhaired skin. There is some bating aiftion since a skin 
unhaired with acid, tanned, and finished without bating, was 
softer than a limed and bated skin, and Mi.rriott’^ has repeated his 
experiments with both calf and goatskins and mounted sections for 
microscopical examination. .A. Seymour-Jones’® has applied tr 3 rp- 
sin in the form of a jiaste to the grain only of skins, previously 
delimed with acetic acid, and has shown that the elastic fibres are 
digested. J. T. Wood” has patenteii the application of an enzyme 
paste to the grain of skins for puering and bating. Several works 
are bating for very short periods of time and obtaining leather of 
excellent quality. 

J. A. Wilson** has prepared photo-micrograjihs of sections of 
skin before and after bating with trypsin ; these reveal an absence 
of elastic fibres after, the bating process. He concludes that bating 
consists of the reduction of limed skins to a state of minimum 
swelling and the digestion of the elastin fibres present in the grain 
membrane. Marriott criticises this. He admits that elastin is 
digested by an enzyme bate but this digestion is not essential to 
the bating process, since he has obtained softer and better leathers 
by merely unhairing with |% acetic acid solutions and not bating 
at all. He suggests that the solution of the cementing substance 
is one of the essential features of true bating. After discussing the 
lack of optical activity of elastin under polarised light, he concludes 
that the elastin fibre is cither a liquid or a semi-solid like gelatin 
solution. The writer is acquainted with several prominent firms 
who omit the bating process entirely from their willow and box calf 
manufacture. The skins are delimed with acetic acid, then pickled 
and tanned. 

W. Rautcnstrauch** has patented the use* of NjV) barium 
hydroxide solutions for unhairing. R. Hilgermann and M. 
Entmerich*® prepare an enzyme mixture from cultures,of B. emy- 
coides tumescens, megatherium, and mesentericus and certain moulds, 
Mucor and Aspergillus. Hides are softened with acid and alkali, 
placed in water, and treated with the enzyme preparation for 
24-96 hours at 22°-26° C. to loosen the hair. The Chicago Process 
Co.“ has patented a process for liming and’unhairing hides by 
giving one day in a used lime and sulphide liquor, then one day in a 
used lime liquor to which has been added about 2% of sodium 
sulphide on the weight of the hides. After one day in this liquor 
the hides are washed and passed through four lime liquors the last 

'* lUd ., 1921, 5, 280 ; J., 1921, 781a. 

*» lUd., 1920, 4, 291 ; J., 1921, 123a. 

” E.P. 154,103 : J., 1921, 53a. 
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of which is abo\jt 18° Bkr. strength. This is the first instance 
the writer has noticed in •print of lime liquors of a definite barko- 
meter strength. This iB»a now factor in limeyard control work 
but it has been successfully applied in many of the loading English 
and Continental chrome tanneries., Sodium sulphide solutions 
of a definite barkometer strength are employed in tightening the 
grain of pelts for chrome tanning, and the success of this sulphide 
treatment depends on three variable factors, viz., time, concen¬ 
tration, and‘the percentage of the material on the pelt weight. 
The writer is convinced that there is great scope for the 
standardisation of these three vital factors in other processes of 
leather manufacture. There is very little fresh to report in the 
methorls of deliming except the use of sodium bisulphite for this 
puq)ose.“- 


Tannino, Tanning Mateeials, Etc. 

There have been no remarkable advances made in tanning or 
in the search for now materials. Considerable forests of oak and 
chestnut trees have been discovered in Burma^^ and these trees 
appear to be very rich in tannins. Samples taken and analysed 
have revealed a good workable content of tannin and a low non¬ 
tannin content. From tests made, it would appear possible to 
profluce an extract from them containing about 80% of tannin. 
J. A. Pilgrim*’ has reported to the Government of India on the 
mangroves found in the Sundarbans Forest Division. F. Liebert** 
has traced the development of gas in oakwood extracts to the 
presence of a yeast which closely resembled Sacclmromyces apicu- 
lotus. The infection was traced to the exposure of the concentrated 
extract to the aii /dte^r being run out of the evaporator, and it 
affords an extraordinary instance of the selective growth of yeqsts 
to the exclusion of bacteria and moulds. • 

Fresh attempts Ifave been made to popularise the process known 
as electro-tanning. G. Grasser*® has made a very complete study 
of the behaviour of the different tanning materials under the 
influence of an eleqjiric current. Most tannins have a negative 
charge, revealed by anodic migration. In most cases the migration 
is sluggish until some acid has been added to the solution. A 
certain amount of tannin is decomposed by the current and insolu¬ 
bles are formed. The purification or separation of the tannin 
constituents is not possible by means of electro-osmosis owing to 
secondary changes. Grasser claims that his experimental results 

“ Leather Trades Rev., 1921, 954. 

Ibid., 1921, 39. 

“ Ibid., 1921, 378. . . 

“ Collegium, 1921, 78 j J., 1921, 312a. 
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show that the passage of an cleotrie current through tan liquors 
does facihtate tannage and special advantages accrue from the 
use of weak tan liquors. The Elektro-Qsjnose A.-G.“’ have been 
granted patents dealing with the taimago and weighting of hides 
and skins in connexion with the electro-osmotic process of tanning. 
The preliminary tannage is carried out in weak tanning liquors 
of sp. gr. l-0()07-l-0035 through which is passed a continuous 
current of 30 volts for 24 hours. The tannage is completed by 
immersing the hides in stronger liquors (sp. gr. 1-040) for 24 hours. 

Several new suggestionj have been made for accelerating the 
tanning process. A. Manvers'^* soaks and limes dried hides in an 
evacuated cylinder and then exposes the fleshed <leliraed hides to a 
high vacuum for J to 1 hr. A strong tanning solution from which 
all the air has been removed is pumped into the vessel under a 
pressure of 20-40 lb. per sq. in. The tanning process is stated 
to be accelerated^'’ by placing the hides in a seric.s of autoclaves 
each connected with a eentral filtering pit, through which the 
tanning liquors arc circulated under a pressure of 3 atm. W. H. 
Ockleston and T. B. Carmichael-’" describe the preparation of a 
soluble starch for use in suspension pits or in the later stages of 
sole and heavy leather tannages. Manvers completes his taiming 
process by treating the hides with a weak glue or gelatin solution 
which is subjected alternately to high vacuum and high pressure. 
Various other patents have been granted for impregnating and 
waterproofing leather, e.g., with commercial i-nbber cement."’ 

The British Boot, Shoe and Allied Trades Research Association 
has been busily occupied with the problem of weighted leathers. 
In the early part of the year a prominent tanner delivered a lecture"" 
primarily intended for the boot and shoo trade and he gave utterance 
to some very sweeping assertions. He defended the weighting of 
sole leathers as adding to their wear and resistance. He claimed 
that insole leathers were heavily weighted because the boot manu¬ 
facturers would not pay the price for an unadulterated article. 
In reply to criticisms of the insole leathers supplied he' stated that 
if only the boot manufacturer would inform the tanner of his 
requirements in this respect, there w-as not an* English tanner who 
could not fulfil them. The British Boot, Shoe, and Allied Trades 
Research Association has answ'ered this challenge in a preliminary 
report issued on “ Welted insole leathers.”"" The Association 
has defined the requirements of the boot manufacturer in respect 

« E.P. 143,921 and 146,938 ; J., 192l! 400 a, «39a. 

"» E.P. 166,495 and 167,786 ; J., 1921, 632a, 710a. 
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"» E.P. 167,5?8 ; J., 1921, 710a. 
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of insole leathers. Various samples of leathers sold for insoling 
purposes have Been submitted to mechanical, physical, and 
chemical tests. The chemical analyses showed a wide variation in 
water-soluble and fat cbhtents. It was observed that unsuitable 
leathers invariably contained a high percentage of water-soluble 
matter, which apparently rendered the fibres brittle and harsh. 
W. J. Chater and 1). Woodroffe®* have carried the investigation still 
further and find that the factor of cost is not always the criterion 
of quality. The water-soluble matter is very high in some tannages 
and they feel that there is an unnecessary waste of tanning material 
in the composition of many insole leathers. The Boot, Shoe and 
Allied Trades Research Association^^ has also carried out wearing 
tc.sts to determine the relative wear-resistance of sole leathers. 
They find that the grain and flesh are both equally resistant to 
wear and that the middle tissue of the hide»ia the most resistant 
to wear. Their conclusions have been confirmed by the U. S. 
Bureau of Standards. 

The only other featufe of intere.st in connexion with vegetable 
tanning is the manufacture of tanning extracts. Very httle infor¬ 
mation has been divulged hitherto about this important branch of 
the tanning industry and yet it is most essential to modem sole 
leather tanning. C. T. Gayley” has'eontributed some notes on the 
best method of extracting chestnut wood. He recommends the 
step-up method of extraction, in which each decoction is heated 
with the wood for 30 mins, in an autoclave at a pressure of 2 atm., 
the temperature of extraction rnsing 10° F. (5° C.) for each decoction 
from 2I0°-280° F. (99°-]35° C.). A. Harvey®* has published a 
note on the yield of extract from tanning materials. B. B. Dhavale' 
and S. R. Das** have determined the optimum temperature for the 
extraction of gpra^ bark to be 55°-60° C. and 10-mesh to bo the 
finest state of division practicable. The properties of sole jfind 
upper leathers for army boots discussed by Schiaparelli will be 
referred to later ift the report. 

Mineral Tannages. 

There is no starring development to report in connexion with 
chrome and alum tannages, but there have been several interesting 
propositions in regard to iron tanning. The whole of the knowledge 
on that subject has been very thoroughly reviewed by D. D. 
Jackson and T. P. Hou,*“ who have advanced theories to account 
*' J. 8oc. hmthcr Tn^cs ChA' , 1921, 6, 359 ; J., 1922, 23a. 

Pamphlet No. I, Sept., 1920. 

Tcchnol. Paper 166, Aug. 21, 1920; J., 1921, 230a. 

J. Amer. Leather Ckem. As^., 1920, 15, 344 ; J., 1921, 229a. 

J. Soc. Leather Trades Chem.t 1921, 6, 116 ; J., 19?l, 440 a. 

« Ibid., 1921, 6, 229* J., 1921, 709a. 

" J. Amer. Leather Ckem. Assoc., 1921, 16, 63 ; J., 1921, 441a. 
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* ' f, 

for the diflSculties encountered in iron'tannages. They affirm 
that iron is much more basic than chromium oJ aluminium, and 
the ferric hydroxide formed as a result of the hydrolysis of ferric 
salts is so unstable in the colloidal state that it is soon precipitated. 
Furthermore, the ferrous iron in solution, though easily partially 
oxidised, can only be completely oxidised with difficulty. It is 
necessary to convert the ferrous iron to the ferric state completely 
and then to keep it in the ferric state. Jackson and Hou give 
full directions for tanning leather with iron salts, and they claim 
that an iron-tanned leather, properly tanned, is not brittle on the 
grain and does not deteriorate on storing. The tannage can be 
effected by drumming for IJ hrs. in liquors of suitable basicity ; 
Fe(OH)SOi is much too basic, .since iron possesses a much greater 
basic character than chromium. Ferrous sulphate should be 
oxidised by means of chlorine, sodium nitrate and sulphuric acid, 
or a mixture of sulphuric and nitric acids and the basicity should 
be adjusted by the addition of sufficient alkali to yield a ratio of 
one OH equivalent to every 5 equivalents of the mineral acid 
radicle present. The tanned leather should be gradually neutralised 
so that the iron may be uniformly fixed in the pelt throughout its 
thickness. Before dyeing or finishing the leather it should be laid 
aside and allowed to dry out- to minimise the chemical reactions 
between the iron in the leather and the finishing, dyeing, or mordant¬ 
ing materials which might react with the iron to give an undesirable 
colour. of FcjOa is the minimum iron in.an air-dried leather 

for a proper tannage. W. Moeller" contends that there appears 
to be no limit to the amount of iron which can be absorbed by hide. 
•Iron salts show excessive electrolytic dissociation and the acid 
formed hydrolyses the hide tissue by prolonged contact. He found 
that 67% of the hide substance in a sample of hide powder was 
dissolved by strong iron solutions after 3 months’ contact. Neutrali¬ 
sation of iron-tanned leather does not obviate this defect, which 
explains the decomposition of such leathers dufing stmage. 

0. Rohm** apjicars to have found a new iron saJt, FeSOjCl, 
which is specially suitable for tanning. It is prepared by the 
action of chlorine on ferrous sulphate or. by allowing mixtures of 
ferric chloride, sulphuric acid, and water, or ferric chloride, ferric 
sulphate, and water** to react and solidify. The product, 
FeS 04 Cl, 6 HJ 0 , is non-hygroscopic. 

E. Kanet** tani hides by immersing them in a solution of ferric 
acetate in the pr&ence of sodium cljoride at a low temperature ; 
the wet hides are heated to cause the sepaAtion of the basic salts 
upon and between the hide fibres. 

" Collegium, 1921, 67 ; J., 1921, 313a. 

“ E.P. U6,2f4 ; J., 1921, 388a. 

« E.P. 146,218; ‘J., 1921, 470a. 

“ U.S.P. 1,367,054 ; J., 1921, 231a. 
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W. Moos anct D. Kutsie*® describe the production of flexible iron- 
tanned leather b^ means of ferrous sulphftte waste liquor from the 
manufacture of cellulose find sodium nitrite. 

The only new suggestkfti in regard to the manufacture of one-bath 
chrome tanning liquors has been that of C. F. L. Barber and P. R. 
Barker,who propose to reduce solutions of chromic acid or 
bichromate and acid, with synthetic tan. Leather can be tanned 
by the two-bath process in which a strong solution of synthetic 
tan is used in the reduction bath. 

SVNTANS. 

There has been the customary crop of patents" for the production 
of new synthetic tana, but they are all of the familiar type, being 
condensation products of aromatic substances with or without the 
addition of formaldehyde. There have beep several attempts to 
stimulate interest in syntans by scientific and technical articles 
describing their manufacture, use, and properties.** W. Moeller** 
has criticised the use of syntans as hydrolysing the pelt tissue. 

Reference was made fn last year’s report** to the action of acids 
on hide powder, which Moeller considers to be first one of hydrolysis. 
Whatever the ])relitninaiy action of acids, there is every indication 
from the practical use of acids in leather manufacture that prolonged 
contact of hides with dilute acids results in the hydrolysis of the 
hide substance or collagen. Proteins are amphoteric compounds, 
combining with either acids or alkalis according to circumstances, 
but that does not preclude them from being decomposed by pro¬ 
longed contact with excess of acid. Moeller contends that syntans 
have a very strong hydrolytic action on the hide. Whereas 
vegetable tannins diminish the amount of hide substance dissolved 
as a result of hyij^olysis, synthetic tannins increase it. He urges 
the importanot of usmg weak solutions of syntans and of thorough 
washing after tannage so that excess tannin qiay be remdved. 
He implies that the free sulphonic acids in the syntans have really 
a bating aption, and even suggests that the bating can be curtailed 
or eliminated where skins are to be tanned with synthetic tans. 
In a later paper W. Moeller ** states that artificial tannins have 
only a slight jneliminaiy tanning effect, but they contain a large 
amount of free sulphonic acids which exercise a bating action. 

** G.P. SS9,e28 ; J., 1921, 710a. 

*' E.P. 1.5.5,887 ; J., 1921, 123a. 

*’ O.P. 328,340 ; ,7., 1921,1 “Oa. G.P.336,895, 33f,330, and 337,588 ; J., 
1921, 632a. G.P. 306,3*1 and 333,403 ; J., 1921, 359a. E.P. 147,534 ; J., 
1921, 522a. 

** t/. .4mcr. Leather Ohem. Aaaoc,^ 1921, 16, 20. 

** Collegium, 1920, 520; loSl, 232 ; J., 1921, 154 a,521a. 

Ann. Bepts.f 192#, 6, 365. 

« Collegium. 1921, 232; X. 1921, 521a. 
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1 . 

Pure sulphonic acids were formerly recommended for bating. 
Benner u. Co. “ claim to Jorm quinones by oxidising the condensation 
2 )roducta of aromatic substances and formaldehyde with different 
oxidising agents. • * 

^^NALYSIS. 

Lime Liquors. 

F. G. A. Enna*“ returns to the vexed question of the determination 
of alkali suliihidcs in lime liquors. Calcium polysuliihides should 
be included in the estimation of sulphides. He discusses the 
formation of calcium polysuljihide and thiosulphate from calcium 
sulphydrate, and points out the necessity for any sulphide estimation 
including the former but not the thiosulphate. The method of 
estimation depends upon the action of a current of carbon dioxide 
through the liquor. -This separates the hydrogen suli)hide from its 
alkali salts, but does not affect the thiosulphates and amino-acids. 
The hydrogen sulphide liberated is collected in co])per acetate 
solution, the cuprous sulphide filtered off, and the residual copper 
determined volumetrically. A blank titration of the copper 
acetate solution is also made and the difference is due to hydrogen 
sulphide only. J. A. Wyler** has worked out a scheme for the 
determination of all the corwtituents of sodium sulphide. The 
combined sulphide, thiosulphate, thiocyanate, and sulphite is 
determined by titration with iodine. The estimation of sulphite 
and thiosulphate is based on expelling the hydrogen sulphide by 
boiling the solution with magnesium chloride solution. Sodium 
carbonate is estimated by precipitating with barium chloride, 
treating the precipitate with an excess of A/1 hydrochloric acid, 
and titrating back with A/1 soda. Sodium sulphate is determined 
by passing a stream of carbon dioxide through *a solution of the 
sodium sulphide. The sulphur is filtered off and the sulphate in 
the‘filtrate precipitated with barium chloride. 

« 

Baling Materials. , 

The increasing use of tryptic enzyme mixtures for bating skins 
has rendered imperative the testing of commeirial samples offered 
for the purpose. A. W. Thomas** suggests the determination of 
the tiyptic activity by allowing the enzyme preparation to act upon 
an alkaline solution of casein. Aliquot portions of the mixture are 
pipetted at intervals into an acid solution, the unchanged casein 
filtered off and the amount of dissolved nitrogen determined in 
the filtrate. Measurements are made for tne same sample with 

** E.P. 146,166. 

*’ J. Soc. Leatlier Trades Chem., 1921, S, 131 ; J., 1921, 480a. 

*f Colour Trades J., 1921, 9, 169. , ' 

** J. Amer. Leather Chem. Assoc., 1920, 15, 221; J., 1921', 230a. 
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different times' of digestion and compared with similar figures 
obtained with a'standard material. 

'tannin Analysis. 

J. A. Wilson and E. J. Kcrn’s‘® prc^posed new method of tannin 
analysis has given leather chemists one of the rudest aw'akenings 
they have had for some time. Fortunately there is evidence 
forthcoming not only to confirm their previous faith in the official 
methods but also to strengthen it. Wilson and Korn found in a 
certain upper leather yard in which all ingoing extracts were 
analysed over a period of three years and in which a careful check 
was maintained on the composition of the outgoing leather, that 
the tannin .sold in the leather only amounted to half the tannin 
which had been comsumed as extract, W'hcre the tannin had been 
estimated by the official methods, but the tanmn consumed and the 
tannin found in the leather were equivalent for all practical purposes 
W'hcre the tannin was estimated by their new method. It has 
been claimed that some tannins combine more loosely than others 
with hide substance and arc more easily removed by washing. 
J. A. Wilson and E. J. Kem^’ have investigated this claim by 
analysing gambier-tanned hide powder after 15,25, and 50 washings, 
prepared by shaking a weighed amount of hide powder for 6 hrs. 
w'ith a solution containing a weighed amount of gambler. After 
the repeated washings the tanned pow’dcr was dried and analysed 
to give the combined tannin which in turn provides the tannin 
content of the gambler according to the now method of analysis. 
The results were : After 15 washings, 7'87% tannin ; 25 washings, 
7'89% ; 50 washings, 7-07%. These figures indicate that the 
number of washipgs has no material influence on the percentage 
of tannin found ui various materials by the new method, and, further, 
that tannin once condnned with hide cannot be washed out by any 
amount of washing that would be practical. Wilson and Kem 
evaporated solutions of non-tannins such as gallic acid, and showed 
that tanninsf w'ero formed as demonstrated by their property of 
precipitating gelatin-salt solutions. The wash waters from the 
gambier analysis cit*d above wore concentrated to small bulk and 
yielded an extra quantity of tannin. Wilson and Kem are of the 
opinion that the conversion of non-tannin into tannin irresponsible 
for the time factor in tanning and the “ ageing ”,of leather. 

G. W. Schultz and T. Blaokadder dispute Wilson and Kern’s 
claim that a definite gompotnd is formed between tannin and 
collagen. They have shown that the finer particles of hide powder 

Ann. Repts.^ 1920, 5» 358. , 

” J. Amer. Leather Chetn. Assoc., 1921, 16, 75 ; J. fnd. Eng. Chem., 
1920,12, 1149 ; J., 1921, • 

J. Amer. ^Leather Chem. Assoc., 1920,15, 664 ; J., 1921, 480a. 
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take up more tannin than the coarser particles and they are lost 
in washing. Schultz has confirmed these results and shown that 
the wash waters from hide powder tanned with chestnut extract 
contained an appreciable amount of tanliin which could not have 
Ixien formed from non-tannins since they were not concentrated. 
A solution of chestnut extract was diluted to the extent of the 
wash waters from the Wilson-Kem method of analysis and this 
dilute solution failed to give the tannin reaction with gelatin-salt 
reagent. After concentrating to small bulk and diluting again, 
however, the solution gave the tannin test. Schultz contends that 
the colloidal state of the tannin material influences the incidence 
or absence of a precipitate with the gelatin-salt reagent. The 
concentration of dilute solutions causes the tannins to aggregate 
and thus give a positive test with the gelatin-salt reagent. The 
amount of tannin estimated by Wilson and Kern's method varies 
according to the amount of hide powder used for detannisation. 
There is no essential difference between the official method and the 
new method except that 15 washes remove some of the loosely 
combined tannin and give a lower tanhin result. The different 
methods are based on absorption. If Wilson and Kern’s assump¬ 
tions were correct the amount of absorbed matter after thorough 
washing would be independent of the amount of hide powder used. 
Three main factors influence the absorjition of tannin by hide 
powder, viz. : — the amount of powder, the concentration of the 
tannin solution, and the volume of solution.. The official method 
of tannin analysis affords the maximum absorption of tannin. 
These arc the views of Schultz, and Wilson'” has subjected them 
to severe criticism. 

H. R. Procter,'* in reviewing the subject of tannin analysis, 
contends that the discrepancies in analyses are attributable to 
several variable factors which have been neglected somewhat in 
the past. There is no criterion of optical clearness and he cites 
instances of 5 or 6% of additional insolubles having been removed 
by repeated filtration. He implies that filtration by>the Berkefeld 
filter candle should be made compulsory, and in this particular he 
is supported by the wnrk of J. G. Parker ai^d J. T. Terrell,® who 
have shown the superiority of the filter candle to filter paper for 
the determination of soluble, matter in tanning extracts. Filter 
paper was shown to absorb soluble matter even when a considerable 
quantity (200 clc.) was rejected before evaporating to dryness. 
Procter suggests that the acidity of solutions may influence the 
amount of insolubles and non-tans. He thinks that a great deal 

" Ibid., 1921,16, 349; J., 1921, 858a. 

•” J. Amer. Jjeather Chem. Assoc., 1921, 16 , 622, 631, 637 ; J., 1922, 24a. 

. "• Ibid., 1921, & 219. 

, ® J, Soc. Leather Trades Chem., 1921, 6, 112 ; J., 1921, 440a. 
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of research is needed befere any definite conclusion can be drawn 
as to whether a ‘complete separation of non-tans would give a 
truer picture of the practical value of any material. It is acknow¬ 
ledged that the present’ method of tannin analysis is imperfect, 
but in the opinion of most it is a better guide to the value of tanning 
materials than the Wilson-Kem proposed method. 

There have been several papers on qualitative analysis of tannins, 
the most valuable of which deals with Indian tanning materials. 
W. R. Atkin and K. H. Hassanhave tabulated the reactions of a 
number of these, and this work forms a valuable contribution to 
our knowledge. 

Leather Analysis. 

The most important change or development in leather chemistry 
is that at present taking place in leather analysis. The application 
of hydrogen-ion determinations to all branches of leather manufac¬ 
ture was referred to last year®’ but the changes in leather analysis 
had not then been made. The American leather chemists have 
carried out a scries of very exhaustive investigations into the 
question of the sampling of leather and its preparation for analysis,*® 
and they recommend that samples should be cut from the side, 
belly, shoulder, and butt as these are,the most divergent in compo¬ 
sition. Those samples are subdivided by sawing or planing. 
M. P. Chambard,'® reporting on the work of a committee of the 
French section of the Society of Ijeather Trades’ Chemists, has 
been able to show that there are zones of similar composition in 
the hide, and he suggests that samples should be cut from the 
juncture of the bend with the shoulder, as this represents fairly 
average composition of the whole side. He recommends that the 
sample bo subdivided by rasping except for the nitrogen estimation, 
when it should he cut up with a knife or razor. 

The determination of the water-soluble matter in vegetable- 
tanned leathers is g, mutter of urgent importance, since it has been 
established that most leathers contain a large preponderance of 
water-soluble matter. C. Schiaparelli®’ claims that the present 
method of determining water-soluble matter gives results which 
arc not comparable* with those of actual wear, and he contends 
that tests should be made by immersing whole soles in water for 
72 hours. The American chemists®* are very doubtful •whether the 
maximum amount of water-soluble matter is extracted at 45° C.— 
the present official temperature for the extraction of water-soluble 

®’ im., 1921, 6 , 347 * J., 1922, 24a. 

®* Ann. Reptf., 1920, 6, 3B0. 

J. Amer. Leather Gkem. Ass^.^ 1921,16, 394 ; J., 1921, 781a. 

«« J. Soc. Leather Trades Chem., 1921, 6, 313. • 

« Ibid., 1921, 6, 44 ; V., 1924, 270a. 

J, Apier*Leather Chem, A 8 S 0 Q.t 1921, 16, 491 ; J., 1921, 819i^. 
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matter from leather. A large amount of investigational work 
carried out in this country on the question of wkter-soluble matter 
in leather has been communicated privately to the writer, and seems 
to indicate that 1 litre of percolate in 3 hbtirs at 45° C. is insufficient. 
In several instances a further 4-6% was obtained by extracting 
a second 1000 c.c. 

It is proposed to change the solvent for extracting the grease 
from leathers and make chloroform official.*® The American 
chemists propose to adopt chloroform as the official solvent after 
the report of a committee to the effect that chloroform is probably 
the most reliable solvent for grease in leather. It has long been 
recognised that petroleum spirit is a very imperfect grease solvent. 
In the determination of unsaponifiable matter in the analysis of 
degras, the oxidised oils and fatty acids will not dissolve in petroleum 
spirit and alcohol is added to assist that solvent. There is no 
doubt that there arc many serious errors in the fat estimations 
which have been conducted on leather samples, and this new solvent 
will afford a great improvement. , 

Slight improvements have been made, in the Kjeldahl estimation 
of nitrogen in leathers. It is now recognised that ()-7 g, is insuffi¬ 
cient for accurate work, and J. G. Parker™ and M. P. Chambard” 
recommend the use of lj-2fe. The influcn(!e of the atmospheric 
humidity in moisture determinations has led Ohambard to use 
covered vessels for that determination. The estimation of free 
sulphuric acid in leather™ is still a vexed problem which does not 
appear to approach any definite solution. C. Immerheiser claims 
that his ether-sulphuric acid method estimates with a fair degree 
of accuracy the amount of free sulphuric acid purpo.scly added 
to the leather. T. P. Hou®* has drawn attention to some errors 
in the sodium peroxide method of determination of chromium 
in. chromo-tanned leather which can bo obviated by evaporating 
the sodium chfomate solution to small bulk to decompose any 
remaining peroxide. 

Theory of Tanning, eto. 

i' 

Chemistry of Tannins. 

K. Freudenberg” and his pupils arc carrying on the valuable 
work initiated by Emil Fischer. The tannins of the woods of the 

J. Soc. Leather Trades Chem.^ 1921,^5) 306. 

™ im., 1921, 8. 304. ' 

™ Ibid., 1921, 5, 313. 
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edible chestnut’* and naftve oak” have been shown to contain 
quercitin, glucose, and ellagic acid. Native oak tannin has been 
purified and hydrolysed into ellagic acid, quercitin diglucoside, 
and 50% of a rich orange-yellow tannin substance the nature of 
which remains to be determined. Freudenberg’* has summarised 
the work of Emil Fischer on depsidcs’ and tannins and describes 
how gallotannio acid, glucogallin, and fully-methylated gallotannic 
acid were synthesised. One of Fischer’s methods of synthesis 
for the preparation of p’artially acetylated glucose derivatives 
consisted in combining two molecules of acetone with one of dextrose 
to form a diacetoneglucose. The free hydroxj l grouj) was combined 
with an acid chloride and the acetone was s])lit off one molecule 
at a time. The most recent developiimnts in tannin investigation 
are along the lines of analysis by means of tannase which has been 
used by Fischer, Freudenberg, and Vollbrechts’* 

Chemistry of Hide and Oelatin. 

J. Loch *" has shown that the amount of any ion entering into 
combination with a ])rotein, depends on the hydrion concentration 
of the protein, and therefore the ratios in which different ions 
combine with proUdns must be comjjared for the same hydrion 
concenti'ations. This disposes of the Hofmeister scries of ion 
effects. Gelatin is isoelectric at p„—4-7. At a p„>4-7 it can 
combine wdth cations only, at apn^, 4-7 it can combine with anions. 
The quantity of anion or cation in combination with tlu' protein 
is a function of p,,. Acids and bases combine with j'roteins in 
th(! same way as they combine with crystalline compounds, by the 
forces of primary valency, and in this respect he states that the 
chemistry of colloids in no way differs from the chemistry of 
crystalloids. Tl^e of general and physical chemistry piovide 
a <iuantitative theory not only of the chemical behaviour of protems 
but also of some of the ptiy.sical properties. In further work. 
Loci) has show’n thllt at the same pj, the effect of ions on swelling, 
osmotic pressure, and viscosity ot gelatin depends only on the 
sign and valency of the ions, and univalent ions of the same sign 
have practically the jame effect. 

W. R. Atkin*’ has described various curves obtained for the 
swelling of hide by alkalis and other materials used in the liming 
process. Weighed quantities of hide powder were treated with 
alkaline solutions of varying strengths, and allowed to stand for 

’« Ibid., 1921, 54, 1094; 

” Naturwias., 1920, 8, 905. 

’* Collnjium, 1921, 10 ; J., 1921, 312a. 

’• VJ. Volkyium, 1921, 468 ; J., 1922, 07a. 

** J. Soc. Leather Trades Ohem., 1921, 5, 137 ; J. Gen^VhysioL, 1921, 3, 
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2 hrs. to settle, after which the volume of hide pojvder was measured 
in a burette. This is suggested as a works method of limeyard 
control. It was found that the additiijn of salt up to certain 
proportions increased the swelling in the limes. 

G. Crasser** finds that organic acids behave very similarly in 
regard to their swelling effects on pelt, whilst A. A. Claflin** obtains 
greater plumping power with lactic acid. There have been sugges¬ 
tions for adopting Claflin’s method of measuring the plumping 
power of a tanning solution. It consists in shaking 5 g. of hide 
powder with 200 c.c. of the solution, allowing to stand 24 hrs., 
filtering through a cotton cloth without squeezing, draining 
comiiletely and measuring the volume of filtrate obtained. 
The less filtrate obtained the greater the plumping power 
of the solution. G. D. McLaughlin** has obtained most 
swelling on fresh Hide, with organic acids at a concentration 
greater than iV/20. Additional swelling was obtained by 
further soaking in lactic acid. He warns tanners against the 
use of salts of heavy metals for curing or disinfection since these 
salts very much repress the swelling. The rapid changes occurring 
in the hide after the animal’s death have already been referred to. 

W. Moeller** emphasises the importance to the theory of tanning 
of the part played by ammonia. Hide powder gives up 1-56% of 
ammonia when distilled with potash and it contains 0-75% of 
hydrolysed protein which contains 3% of ammonia. Ammonia 
hydrolyses pelt to a less extent than calcium or sodium hydroxides. 

Chrome Liquors, Chrome Tanning, etc. 

Carbon dioxide functions as an acid in a chrome liquor so that 
the addition of acid to the boiling liquor in the basfeity determination 
is in error. D. Burton and A. M. Hey** propose to obviate this 
errbr by running the A/2 alkali into the cold, diluted chrome liquor 
in presence of phenolphthalein, and that the addition should be 
continued during the period of heating up to the boiling point and 
then until the pink colour persists after boiling for 1 min. L. 
Meunier*’ concludes from some experiments onjthe action of sodium 
carbonate on solutions of chrome alum that solutions of chrome 
alum not only undergo hydrolysis but also that the basic chromium 
salts polymesrise with increase in time and temperature; further, 
that the neutralisation of the sulphuric acid by the sodium carbonate 
is accompanied by setting free carbopic acid which is more or less 

I 
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eliminated by heating and! agitation. The appearance of a precipi¬ 
tate results from the action of sodium carbonate both as a neutralis¬ 
ing agent and as a coagulating agent of the colloidal solution of 
chromium hydroxide or of the polymerisexl chromium salts. D. 
Burton*® has made a theoretical study of the mechanism of the 
neutral salt effect in chrome tanning and suggests that the effect 
of neutral salts on chrome tanning liquors is to decelerate the 
penetration of the chromium compounds by a blockading action 
of the neutral salt. The combined action of the acid and salt will 
cause a change in the swelling. Neutral salts cause more <icid 
to be taken up by the pelt, and therefore a more basic chromium 
salt will remain in the tanning liquoi'. The moie basic a chromium 
salt the lower its rate of dilTu.sion and the more slowly will the 
pelt be penetrated by the chromium compounds. This has been 
demonstrated in practice. Used chiome tariliing liquors do not 
tan as quickly as fresh liquons, and if the liquor has been used 
several times then the accumulation of salts seriously retards the 
tanning process. In c('llaboration with A. Clover,"* the .same 
author has attempted to d(!tcrmine the intluence of lu'utial salts 
on the absorption of the acid and chromium from chrome tanning 
solutions by gelatin. Neutral salts decrease the diffusion of tlu! 
chromium into gelatin and the order’d letardation is the same as 
that of the degrees of hydration. Neutral chlorides cause an 
increase in the amount of acid absorbed. wherea.s sulphates cause a 
decrease. The importance of these results will be realised since 
sodium chloride is often used in chromi! tanning liquors and neutral 
chlorides or sulphates, or both, are always present. E. Griliches** 
considered that chromium salts split up into a basic 2 >ortion and a 
chromo-sulphuric add. E. Stiasny*' contests this view and as.serts 
that they hydrtjyse into a basic chromium salt and free suljihuric 
acid. In the early stages of chrome tanning there is a greater 
abaorjition of the free acid, in the later stages art increasing and 
finally preiionderant absoiption of the basic portion. Griliches** 
has replied'to Stiasny but has not brought forward any fresh 
facts. 

The analysis of thromo tanning liquons has received more 
attention than usual. W. Klaber** suggested a new method of 
expressing basicity nearly two years ago, and there have been 
several fresh suggestions since then by E. Griliches** who thinks 
that in Cr : S 04 = 52'l; X, X should be termed, the acidity. K. 

»* J. Soc. Leather Trades Chem., 1921, 6, 183, 192 ; J., 1921, 6G9a. 

•» Ibid., 1921, 6, 187 ; J., 1921, 869a. 

*“ Ann. Repts., 1920, 6, 367. 

*‘ Collegium, 1920, 479 ; J., 1921, 53a. 

“ Ibid., 1921, 127 ; J„ 1921, 441a. 

•’ J. Amer.Jbeather Chem. Assoc., 1919 , 14 , 622 . 

*‘ Collegium, 1921, 127 j J., 1921, 441a. 
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Sohorlemmer’® suggests that the basicity shoulij be expressed as 
the percentage of chromium fully saturated with hydroxyl groups. 
G. Crasser”* has plotted the basicity^ expressed according to 
Schorlemmer’s method against the tanning intensity and finds a 
maximum for the salt 0 ^ 4 ( 804 ) 3 ( 011 ) 1 ,. A rapid method of 
determining the chromium in a chrome tanning liquor has been 
devised by A. W. Thomas and M. W. Kelly” in which an immersion 
refractometer is used and the readings compared with tables 
compiled from pure solutions of known strength. B. B. Dhavalc 
and 8 . It. Das”* observed last year that the end-point of the alkali- 
metric titration of chrome tanning liquors for acidity according to 
the Procter-McOandlish method was influenced by temperature 
and the rate at which the alkali was run in. Additions of sodium 
chloride caused a marked increase in the acidity and they recom- 
meneied the addition of 49 g. or more of pure sodium chloride in 
that alkalimetric titration, using 400 c.c. of diluted liquor containing 
0-1747 g. of chromium. A. W. Thomas and 8 . B. Foster"” have 
confirmed these experiments and think tlmt 50 g. of sodium chloride 
would bo enough. J. E. Pickering’”” finds dittieulty in the deter-, 
mination of the basicity of chrome tanning liquors m dark weather 
and proposes the use of the following procedure. The alkalimetric 
titration is carried out in a beaker placed on a white tile immediately 
» behind which is a “ half-watt ” lamp, covered with an opal shade, 
so arranged that the rays of light strike U 2 )wards tiirough the liquor. 
The titration is continued until the liquid assumes a yellowish-jiink 
colour. 

K. Schorlemmcr finds that the use of commercial hj-droehloric 
acid containing more than 0-(K)15% of arsenic is uneconomical in 
the reduction bath of the two-bath chrome tanning firoccss. The 
action of hydrochloric acid on sodium thiosuliihate solutions is two¬ 
fold. Thiosulphuric acid may be liberated and immediately 
decompose into sulphurous acid and free sulphur, or the thiosuljihate 
may polymerise and form sodium pentathionate':— 

(1) Na3S303+2HCl=2Naa-l-H3S03+S. 

(2) 5Na3S203+6HCl=2Na3S30,-f-6Na0H-3H30. 

According to Schorlemmcr the presence of ersenic in the hydro¬ 
chloric acid catalyses the second reaction, and thus the reduction 
is impeded or it may be prevented altogether. More acid is required 
to effect the reduction. It is probable that Stiasny will contest 
this view since He has already, in conjunction with 8. R. Das, 

>” Ibid., 1920, 530 ; J., 1921, 155a. ' 

Ibid., 1921, 319 ; J., 1921, 669a. 

, ” J. Amer. Leather Chem. Assoc., 1920, 15 , 620 ; J., 1921, 481a. 

** J. Soc, Leather 2'rades' Chem., 1920, 4 , 225 ; J., 1920, 758a. 

** J. Amer. Lather Chem. Assoc., 1921, 16 , 61 ; J., 1921, 441a. 

'100 J. Soc. Leather Trades’ Chem., 1921; 5, 177 ; J., 1921, 669a. 

CoUegium, 19Sl, 430 ; J., 1922, 24a. 
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advanced a diljerent thesry as to the action of the acid and thio¬ 
sulphate in the ttduction bath. 

Glue, etc. 

There is not muclx to report in this section although there are 
signs of scientific activity in this branch of the industry. The 
glue and gelatin manufacturers are apparently alive to the need 
for the application of science t4 their trade judging by the adver- 
tiwniciits in the trade Press. They are very anxious to have fully 
qualified ])ractioaI chemists in charge of their plants or assisting in 
controlling the manufacture. Several patents have been granted 
for frc.sh methods of and apparatus for extracting glue and gelatin 
from the usual material/”- fish refuKL^"” Vegetable glues, prepared 
by the action of alkali on starch, are described by E. Stem,'“‘ and 
also in patents granted to The Perkins Glue Go.'”” The testing of 
glues ha.s jxrovided more scope for scientific work, and I). R. 
Eraser"’” has worked ojt a test for comparing the tensile strengths 
of glues : 25 g. of glue is dissolved in 100 c.c. of water and 0'3 c.c. 
of the solution is cmplojd'd in gluing together two halves of a pitch- 
pine bri(|uette, which are pulled ajxart in a machine after the glue 
has had 24 hrs. to set. A good glue has a tensile strength of over 
300 lb. ])er sq. in. 

S. E. Sheppard and S. S. Sweet'" have measured the modulus , 
of rigidity of gelatin jellies under torsion and find it to follow 
Hooke's law nearly to the breaking point, the elastic limit nearly 
coinciding with the tenacity. The elasticity is not a simple function 
of the hydrog(‘n-ion concentration in the case of acid jellies. Alcohol 
and glycerol increa.se the jelly strength up to a certain strength. 
In another communication, the same authors'”* describe a device 
to det(!rmine the rting and melting points of gelatin. A stream 
of air bubbles, oiider constant pressure, is passed through the 
gelatin solution which is cooled with ice-water. A thermometer is 
immersed in the, seJution with its bulb adjacent to the air inlet, and 
the tempcrtiiture at which the bubbles cease to pass is taken as the 
setting point. After sufficient under-cooling the jelly is heated 
gradually, and the point at which the bubbles again pass is taken 
as the melting point. 

A. Giitbier, E. Sauer, and M. Brintzinger'"* describe a method for 
determining the sulphurous acid in bone glue and leather glue. 

U.S.P. l,3B4,n04 ; J., 1921, liiSA. G.P. 337,178*; J., 1921, 632a. 

"» E.P. 1.7.7,863 ; ,/., 1921, ISlA. 

J. prakt. Chem., 1?20, 101, 308 ; J., 1921, 234a. 

'»* U.S.P. 1,378,078 and 1,378,105-6 ; J., 1921, 670a. 

Analyst, 1921, 46, 284 ; J., 1921, 632a. 

J. Amer. Chem. Soc., 1921, 43. 639 ; J., 1921, 313*. 

J. Ind. Eng. ChcrA., 1921 f 13, 423 ; J., 1921, 554a. 

KoUoid-'ZeU.s., 1921, 29, 130; J., 1921, 709a. 

2e 
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The total acid in bone glue is titrated with Nj 10 sodium hydroxide 
solution. The sulphurous acid, which is all free, is titrated with 
Nj 10 iodine solution. Leather glue contains its sulphurous acid 
combined, and it also may contain formaldihyde. The glue solution 
is acidified with phosphoric acid and distilled in a current of steam 
and carbon dioxide, the vapours being passed into iodine solution. 
V. Froboese"® has modified the Haas method of distilling over 
sulphurous acid. He distils it into a known quantity of sodium 
bicarbonate solution, oxidises it to sulphuric acid with hydrogen 
peroxide, and titrates the excess of alkali with hydrochloric acid 
in presence of methyl orange. 

W. M. Clark and his collaborators'” have described the prepara 
tion of high-grade casein by heating skimmed milk to 93° F. (34° C.) 
and adding dilute hydrochloric acid. R. H. Shaw”® has worked out 
methods of analysis of casein for moisture, ash, sugar, phosphorus, 
and cakdum. Numerous patents involve the use of casein for the 
production of plastic cements or hardening materials.*'® 

”» Chem. Zentr., 1921, 92, IV., 22.5 ; J., 1921, 641a. 

ImI. Eng. Chnn... 1920, 12, 1163 ; J., 1921, .53a. 
lbi</.. 1920,12, 1168 ; J., 1921, 53a. 

'*’ U.S.P. 1,360,356; ,7., 1921, 53a. E.P. 169,405, J.. l'921, 782a. 
U.S.P. 1,391,768-770; J., 1921, 82j0a. 
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SOILS ‘AND FERTILISEES, 

By E. J. Russell, F.R.S., 

Director 0 / the Rotha^inled Exjierme.iit Statimi. 

As in provious years, tlie n^porl deals with the aspects of agricultural 
chemistry directly affecting the chemist concerned with farmers’ 
or manufacturers’ problems; it does not attempt to treat the 
more, academic aspects of the subject, these being discussed in the 
Report to the (Chemical Society. In the present account attention 
will be directed mainly to the work on fertilisers and on soils : 
feeding stuffs and dairy produce are dealt with in the section 
on Foods. 

The past year has seen most of the British Agricultural Research 
Stations settle down to ^lost-war conditions and there has been a 
significant pronouncement by the Minister of Agriculture empha¬ 
sising “ the detennination of the Government to pursue the policy 
of education and research as the_ most permanent method of 
improving agriculture,” and further pointing out that “ even 
in these times of financial distress when every item of national 
expenditure is being closely overhauled it set aside a further 
provision of funds for these purposes. ” This pronouncement was 
not only .accepted without demur by farmers, but w'as in no way 
in advance of the attitude taken up by their very comprehensive 
National Farmers’ Union, who consented to forego the promised 
subsidy for com condition that a sum of £1,000,(KX) was set 
aside for research ;uid education, particular stress being laid on 
research. Coming as this did from the farmers ^themselves ift a 
time of financial (Icpression, it affords convincing proof of the 
progressive spirit now abroad in the countryside and of a readiness 
to co-operafe with men of science, which had long been patent 
to close observers, but has not hitherto been so publicly 
demonstrated. • 

The Research Stations now established in Great Britain are;— 
Rothamsted: Soils, plant nutrition, and plant pathology. 
Cambridge: Plant breeding, animal nutrition. 

Oxford : Agricultural economics. • 

Imperial Collega, South Kensington: Plant physiology. 
Reading ; Dairy. 

East Mailing, Kent: Soft fruit. 

Long Ashton, Bristol: Sard fruit and cider* 

Aberystwyth : Plant breeding for wet cUmates. 

Aberdeen: Animal nutrition, 


2 o2 
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with smaller stations at Cheshunt and aft OrmsWk for the glass¬ 
house industry and for potatoes respect,ively.^ 

In addition to these an important private experimental station 
has been set up by the Olympia Agrifeultural Co., under the 
chairmanship of Mr. Joseph Watson, of which Professor G. Crowtlior 
has been induced to accepf the. Directorship. Ho has gathered 
at Offchurch an able staff, including Messrs. C. T. Gimingham, 
H. Hunter, P. H. Billmgton, E. Paul, R. H. Carter, and others, 
and he has the advantage possessed by no other station of having 
no fewer than six large estates in different parts of the country, 
on which experimental work can be carried out. A first report 
has already been published covering the period April, 1919— 
June, 1921 “: it deals with the soils of the ('states, with plant 
breeding, and with rations for cattle. The research programme 
is planned on gencA’ous lines and useful results may certainly 
be expected. 

Pertilisees. 

The past season saw a steep fall in })rfoes of farm pnaluce and 
few farmers would come out of it without tinaneial los.s.—in some 
cases serious loss. This means, of course,, entor('cd economy in 
every direction, and in spihi of the great reduction in price of 
fertilisers it is doubtful whether tlui war level of consumption 
will be maintained. When the transition period is over, however, 
it is ho])ed that farmers will onoe mor(( be in a position to farm 
intensively, and in the meantime much valuable information is 
being ghianed which is helpful now and will prove of great assistance 
when better times come. 

An interesting summary of the statistics of consumption of 
fertilisers before and after the war is given by H. J. Bailey.® 
Supplies of phos])hates and of nitrogenous fertilisers increased 
during the war,, as also did the productive ca](acity of the works. 
Fear of fertiliser shortage seems to be banished, inchifinitely. 

Nilrogenmis Fertilisers. 

Synthetic nitrogenous fertilisers continue to, attract much atten¬ 
tion, and a summary of their agricultural properties has been 
issued. * 

In regard to supplies, a statistical supplement to the Report 
of the Nitrogen 'Products Committee has been issued, bringing 

the tables up to the end of 1920. This publication gives the best 

< 

^ For an account of these Stations and their work see the very interesting 
lO^A Report oj the Development Commission^ 1920. H.M. Stationery Office. 
2s. 

* Olympia A§TicMltural Co.^ Ltd., Research Dep^L, Anntial Report, 1921. 
■ ‘“J., 1921, 246b.* * 

^ E. J. RusseU, J, Min. Agrk., 1921, 27, 1037. 
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available statistical information."' It is unnecessary to go into 
details of the various coilhtries: reference will be made only to 
Groat Britain and Ocrisitiny. The English company (Synthetic 
Ammonia and Nitrates, Ltd.) is now working a .semi-laige scale 
plant producing 1 ton of ammonia p*r day, soon to be increased 
to 2 tons.® Another company intends toei ect a works in Cumber¬ 
land with an initial output of JiO.OOO ton.s of suljihate of ammonia 
per annum, using the Claude process.’ 

Descriptions have been published of the Haber process, as 
operated at Merseburg (Saxony),* where the works when com¬ 
pleted will have a capacity of 800 tons NHj piw day ; of the ammonia 
oxidation process carried out at Hoehst*; and the processes used 
at the ill-fated Oppau works." The German production, when 
the plant is fully workmg, is estimated" at ,")0(>,000 tons of nitrogen 
])er annum, of which 300,<X)0 is from synthetic ammonia, 100,000 
from cyanamidc (not necessarily used as such, but partly converted 
into other sub.stanees), and 100,000 from gas and coke-oven plants. 
Many attempts have been made to utilise ammonium nitrate. The 
dillieulties in regard to its hygroscopic nature were dealt with 
by admixture with various substances which it was hojied would 
not only overcome the hygroseopioity but would entirely destroy 
the explosive properties of the nitrate. A typical example is 
as follows : a hot, concentrated solution of ammonium nitrate 
is mixed with hot [lotassiiini chloride or other fcitiliser salt; inter¬ 
action ensues, and aftir cvapoiation a dry cake is finally obtained 
which can be milleil.'* Other German patents have been taken 
out, the purpose or advantage of which it is not easy to sec." 

A number of the German patents dealt with the preparation 
of a non-expl(^sivl^ f'-rtiliser'* from ammonium nitrate, but in 
view of whai has suice happened at Op])au" they must be regarcled 
with suspicion. 

It seems improbable that ammonium nitrate will play any 
important part as a fertiliser in our time, though it has valuable 
properties and has been used with advantage in this country.’® 

‘ 1921, 28-IK. 

“ ./., 1921, 240k. 

’ J. H. West,1921, 240ii. 

* .1. R. Paiiiniiton. J.. 1921, Utit. 

" J., 1921, 185b. 

“ ,1. E. Partington, J., 1921, '<Or. 

" J., 1921, 2;nK. • 

Badische Anilin u. Soda Fabr., L.P. 145,036 ; J., 1921, 443a. Also 
Akt.-Gos. fiir Aniliii-Fabr., E.P. 146^259 and 145,.582 ; J., 1921, 232a. 

■“ CJ. J., 1921, 315a. 

’• E.g., G.P. 336,876 ; •J., 1924, 596a. 

“ J., 1921, 981b. 

“ E. J. Bussell, J. Min. Agrie., 1919, 2S, 1332 
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German opinion is now in favour of urea ,as a nitrogenous 
fertiliser ; it is concentrated and therefore economical of transport; 
it has no harmful effects in the soil, or, iSp far as can be seen, on 
crops, even when appMed in excessive quantities.” A number of 
patents have been taken out; for utilising this substance in mixed 
fertilisers,** and a method of estimation has been based on its 
reaction with oxalic acid.*® 

From the manufacturer’s point of view there is something to 
be said for the production of ammonium chloride, as this can be 
combined with the ordinary ammohia-soda process for preparing 
alkali. Instead of employing the same ammonia over and over 
again, new supplies of synthetically jirepared ammonia arc used 
and ammonium chloride, obtained as a product.'** It is claimed 
to be a further advantage to oxidise part of the ammonia and 
absorb the nitrogen'oxides by the sodium bicarbonate. Further 
details of the method have also been patented.** 'I’lie fertiliser 
testa with ammonium chloride are not yet comjdeted. 

Ammonium bicarbonate could no doubt be juepared on tht‘ 
large scale if it were found suitable. It has the advantage of 
leaving no acid residue in the soil, but against this is.to be set. 
the serious defect that it is volatile and therefore subject to loss. 
To prevent or reduce the loss the proposal is made that it should 
be mixed with 5-10% of anliydrous sodium sulphate or 10% of 
magnesium sulphate.** 

The standard ammoniacal fertiliser is, however, sulphate of 
ammonia. The usual grade as miule by gwKl firms is guaranteed 
to contain 25i% of Nils, but a little free acid is present which 
interferes with the removal of the last fraction of moisture. A 
“ neutral ” form is now being produced which can be better dried, 
and therefore assumes a more friable, condition—a great advantage 
from the farmer’s point of view as it facilitates spreading. Further, 
in absence of acid the bags are not rotted. The removal of water 
raises the ammonia content and a guarantee of 251% is given. 
The details of the manufacture at the South Metropolitan Gas 
Works** and at Bedford** are published. 

Field experiments show that the fertiliser* value of cyanamide 
is not quite as high as that of ammonia or of nitrate. One cause 
of this is the presence of dicyanodiamide, which is toxic to plants 
and certain micro-organisms. Unfortunately the conversion of 

>’ J., 1921, 237r. 

*» J., 1921, 782a. 

*® E. B. Johnson, J., 1921, 126t. 

*® Badische Anilin u. Soda-Fabrik, E.P. 144,659 ; J., 1921, 522a. 

** Badische 4nilin u. Soda-Fabrik, E'.P. 145,038 ; J., 1921, 782a. 

’** Badische Anilin u. Soda-Fabrik, G.p. 310,055 j J., 1920, 233a. 

** E. Evans, <?o» J., 1920,162, 515 ; J., 1921, 3a. ■ 

** J. B. Hansford. Oae World, 1921, 78, 243 ; J., 1921, 733a. 
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cyanamide to dicyanodmmide appears to be facilitated by the 
presence of ordinary superphosphate, although it seems that the 
reaction proceeds only in presence of moisture: a dry cyanamide 
is said to be unaffected by dry superphosphate.*'’ 

A method for estimating dioyanpdiamido in cyanamide and 
mixed fertilisers has been devised, based on the fact that dicyano- 
diamido is precipitated by silver picrate, whilst cyanamide and 
urea are not.** The effectiveness of cyanamide is said to lx; 
increased when mixed with the soil disinfectant “ Humus-carbo- 
lincum,” prepared from lignite,** though the reason of this is 
not quite clear. 

PiMspluiles. 

The chief phosphatic manures are superphosphate, basic slag, 
mineral phosphates, and bones. * 

Superphosphate is used to a larger extent than the others. Two 
interesting papers have appeared this year—one by W. Packard,** 
describing the various mineral pho.sphates used in the manufacture 
and giving much useful information not easily obtainable else¬ 
where ; the other dealing with the phenomena of “ reversion.” 
ThLs term is used to denote the change from soluble to insoluble 
phosphate occurring under certain circumstances, esj)eoially when 
iron and alumina are present. It appears that the effect of these 
two metals is not appreciable when they occur as sulphates, but 
it becomes very marked if sufficient of the oxides remains as such 
and escapes conversion into sulphates.** 

Instead of sulphuric acid it has been suggested to use nitric 
acid for the manufacture of superphosphate. Raw phosphate is 
mixed with finely ground potassium sulphate and treated with 
nitric acid, this 's tiicn dried and ground: the mixture consists 
of monocalcium phosphate, potassium nitrate, and gypsum, «nd 
is claimed to bo non-deliquescent.*" 

Basic slag is used to a less extent than superphosphate, partly 
because it 'is slower in action and therefore less suitable in the 
Eastern counties, and partly because it is only a by-product in 
the manufacture o> steel and therefore its output is limited. At 
the present time the demand is greater than the supply: no less 
than 15,769 tons w'as imported during the six months ending 

** R. N. Harger, J. Ind. Kng. Clwm., 1920,12, 1111 ; J., 1921, 93a. 

** E. B. Johnson, J., 1921,^125 t; also J. hid. Eng. Vhem., 1921, 13, 
533. R. N. Harger, J. 1*4. Eng. Vhem., 1920, 12, 1107 ; J., 1921, 92a. 

** M. Popp, Dcutfi. Landw. Presse, 1920, 90, 617 ; J., 1921, 522a. 

“» J., 1921, 288b, 304e. 

’• B. Neumann and K. Klejlein, Z. angew. CAem.^1921, 34, 77 ; J., 
1921, 271a. 

*“ Chem. labr. Rhenania, and G. A. Voerkeliue, E.P. 148,242 ; J , 
1921, 782a. 
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March 31st, 1921.®' But it plays so important a part in British 
agriculture that the Ministry of Agriculture has set up a Committee 
to deal with problems connected with tho, material. Recognising 
that the output cannot be increased, tho Committee has discussed 
the possibility of enrichment. Addition of mineral j)hosphates 
in the ladle was unsatisfactory, the change in the mineral being too 
slight to justify the process. The Committee is considermg the 
possibility of utilising iron ore containing more phos])horus and 
of introducing into tho blast-furnace the lowest grade of slag.“® 
The most important problem now is to discover whether any 
relationship can be traced between the fertiliser value of the slag 
and the solubility of the phosphate in some chemical reagent 
such as a 2% solution of citric acid. The basic open-hearth slags 
form by far the large^st portion of the supply, but their solubility 
in this reagent varies from 20% or less to 90% of the total pho.si)hate 
pre.sent, according as fluorspar is or is not added in the furnace. 
On the chemical side F. Bainbridgc finds that calcium ])hos- 
phates become insoluble on fusion with fluorspar and concludes 
that apatite, 3 Cai,(P 04 ) 2 ,CaP 2 , is formed in o|)cn-hearth slag.« ; 
wh.le in soluble slag the constituent is silico-carnotite, 
Ca 3 (P 04 )j,Ca 2 Si 04 , which cap be obtained by fusing dicalcium 
silicate with tricalcium phosifliate, and is conrplctcly .soluble irt 
citric acid. The result of re-fusing a slag without addition of 
lime is to increase considerably the solubility of the slag.®® 

On the field side, however, comparison of various slags on grass¬ 
land showed less difference than was indicated by their solubilities : 
a slag of 45% solubility giving approximately as good a result 
as one of 90% solubility. Below 46% the results were not so 
good.®* There appears, however, to be some fliffercnce in tho 
crop ; Bainbridge found that insoluble slag gave better results in 
pot experiments .when applied in autumn than in spring ; but 
while it increased tho crop, it did not increase the phosphorous 
content of the grain and the straw as did the soluble slag. 

There is the possibility also of differences of action in the soil. 
Slag produces a striking improvement in grassland but its effect 
does not end here. When the grass is suRsequontly ploughed up 
and converted into arable a marked gain in fertility is revealed. 
In the Suffolk'experiments there was not only an important increase 
in live weight of sKeep grazing on the slagged plots in comparison 
with those on the \jnslagged land duning the eight years of grass 
husbandry, but at the end of the period the slagged plots contained 

®‘ J., 1921, 153e. 

®® J. Min. Agri^,, Sept., 1921 ; J., 192t, 371 b. 

®**F. Bainbridge^ Iron and Steel Inst.y Oameg-ie’Schol. Mem., 1920; J , 
1921, 124a, See also d'rans. Faraday Soc., 1920, 16, 302 ; J.f 1921, 156a. 

** G. Scott Kobertson, Trans. Faraday Soc., 1920, 16, 291 j J., 1921, 166a, 
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500 lb. of nitrogen jjcr adre in each of the top and second 0 in. 
of soil. On jiloughing up, the additional fertility of the slagged 
plots showed itself in incipased yields of peas, wheat, and beans.“‘ 
it is not known how this subsequent effect is related to the solubility 
in citric acid. In view,however, of the rather exiguous nature of the 
connexion between effectiveness and citric acid solubility it has boon 
again argued that carbon dioxide should bo used as solvent instead 
of citric acid in assessing the value of phosphatic fertilisers. 

Ground mineral phosphates arc much used in the United States, 
and there seems some reason to expect that they will come into 
use in this country also. Present supplies come mainly from the 
United States and from North Africa’’; important dcjiosits appear 
also to exist in Palestine.’’ Much discussion has gone on in this 
country in legard to Nauru phosphate, extended analyses of which 
have been published.” 

Further, a jdiosphatic guano containing 2i)'5% P^Oj has been 
found on Latham Island, near Zanzibar.Various other deposits 
have been recorded. Hitheito the mineral phosphate has been 
either treated with sulphuric acid to commrt it into supeiphosphate 
o.” ground finely and apj)lied direct to the land. Investigators 
continue to seek for other methods^ of rendering the phosphate 
soluble, one of the favourite devices being the use of micro¬ 
organisms. In some experiments the rock phos^jhate is mixed 
with plant residues, in the hope that the acids jiroduced during 
the decay of organic matter will attack and dissolve the phosphate. 
Several investigators, however, have shown that no increase of 
solubility occurs under these conditions, and it is now suggested" 
in ex 2 )lanation that the bases liberated during the decomposition 
fully neutralise the^eids and prevent their action on rock phosiihate. 
In juescnce of koil different results may be obtained because soil 
has the capacity for absorbing basic material. It is also suggested 
that the addition pf sulphur to the mixture would increase its 
acidity and thus facilitate the solution of j)hosphate," As the 
oxidation is largely biological it is considered desirable to ensure 
the presence of the necessary micro-organisms ; this is done by 
inoculation. One (Jf the most .surprising results, if it is substanti- 

” A. W. Olderehaw, J. Ayrk. Hci., 1921, 11, 287 ; J., 192L 743a. 

” H. HuekI, Chem.-Zeii., 1921,46, 730 ; J., 1921. «32a. 

” See 1921, 194it. 

“* W. I’ackard, J., 1921, 288Pj 

” T. Steel, J., 1921, fllr, 17 St. 

BtiU. Imp. Inst., 1920,18, 2 ; J., 1921, 90k. 

“ P. C. Bauer, (Soil ScL, 1921,18, 21 ; J., 1921, SfilA. 

" W. E. Toteingham and E. B. Hart, Soil Sci., 1921, 11, 49 ; J., 1921, 
232a. 

“ W. H. Martin, Soil Sd., 1921,11,75— 86. J. (1. Lipnian, A. W. Blair, 
and C. S. Beckwith, ibid., 11, 87 ; J., 1921, 232a. 
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ated, is said to be obtained with yeast, when a high degree of action 
resulted." Less sensational, but probably no less useful, results 
arc obtained by heating or calcining tli,e rock phosjjhate." The 
so-called Rhenania ))hosphato is made by Heating low-grade mineral 
phosphate rich in carbonate with phonolith, a potassium double 
silicate. It is claimed that the potash becomes available and 
that the ]>hoaphatc becomes equivalent to that in basic slag.*" 

Fotassic Ferliluers. 

Prior to the war the whole of the potash sujiply of the world 
came from Germany, but during the war other sources were opened 
up. Some of the.so have not .suivived the searching test of peace 
conditions, and it remains to be seen how long the others will last. 
Germany still retainr the largest dej)oaits ; it is estimated that for 
every ton of soluble, potash .salts in the Ihiited States there are 
10 tons in France and 0000 tons in Germany, while tlu! ('stimated 
productive cajiacities are" :—Germany, 3,8.')0,000 t.ous ; Fiance, 
250,000 tons ; United States, 80,000 short tonsiK^O). 

'I’he Gorman deposits are situated in Central Germany ; 80% of 
the workable potash lies at a depth of some 1200 metres, a further 
10% at 1500 metres ; deposits below 1700 metres are not worked. 
In 1920 the pre-war level of output was almost reached, but sales 
had fallen from 5 2 million tons in 1913 to 4 3 million tons in 1920, 
the exfiort trade being particularly affected.** 'The Alsace deposits, 
however, are of gieat importance and definitely serve to break the 
German monopoly. The Alsatian mines cover an area of 180 
sq. km. and could supply the world requirements for 300 years 
at pre-war consumption, while Germany with 1500 sq. km. and 
200 pits could supply the world for 7500 years. For case of 
exJ.raction, however, the advantage is claimed for Alsace.*® The 
mines are much'more extensively developed tlian before the war. 
In 1913 the exports from Alsace were only 40',721 tons KjO ; in 
1920 they were 199,175 tons KjO, of which nearly 18,000 came to 
the United Kingdom. 

The production of potassium salts in thq United States has 
been shrinldng; in 1919 there were produced 110,243 short tons 
(28% KaO) compared with 207,68(5 tons in 1918. West Nebraska 

** M. H. Jacquier, La Renaissance Agricole, Oct. 9, 1921. 

*® W. H. Waggrunan and T. B. TurW, Chem. and Met. Eng., 1920, 28, 
1057 ; J., 1921, 77a. Calcining with CaCO, and aidphui'oua gases, &c, : J. J. 
Morel, E.P. 160,847 ; J., 1921, 402a. 

*1 T. Benny and F. Weiake, Landw. Jahrb., 1921, 56, 1. 

** J., 1921, 369r. 

.** J., 1921, 3!i1b, 162b ; Z. angew. Chem., Fep. 11, 1921; also J,, 1921, 
■63b. 

*® C. H&tignon, J., 1921, 407b. 
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alkali lakes were ,the chief source, the output from the alunite 
deposits of Utah and sih'cate rocks of Wyoming and from kelp 
being much diminished/" There still remain possibilities in 
America, however; it ik said that large deposits have been dis¬ 
covered near Floresville, Texas. “ 

A method of volumetric estimation is based on jirecipitation 
as bitartrate. “ 

Some of the American potassie minerals contain boron, probably 
in sufficient quantity to do injury, especially in a dry season,"" 
though it is understood that steps arc now taken to remove most 
of these substances. 

.[n Italy leucite, a double silicate of potassium and aluminium, 
containing 21-5% KjO, is used extensively as a fertiliser, and has 
given excellent results with rice, potatoes, sugar beet, tobacco, 
rye, oats, and bailey. It occurs as a dej)osit. of about 3 sip km. 
near Oivita (Jastellana in the province of Rome."* 

In Norway jiotash is now being recovered as a by-product from 
eemenf kihis. About 2^ lb. of KjO is volatilised for each 
barrel of cement (.380 lb.), and in the settled dust it exists mainly 
as .sulphate, but it is not mitircly extractable by water owing to the 
jiresence of gypsum, with which it forms a s])aringly soluble 
double salt. It is possible to effect considerable se]iaration of 
potash prior to leaching, since its iiarticles are, on the whole, tinei’ 
than those of the rest of the dust,"" 

Organic Mamiren. 

V'ery considerable attention has been devoted to the preparation 
of artificial farmyard manure. The large increase in arable area 
brought about bv^he war at one time seemed likely to result in a 
glut of straw which could not be profitably utihsed in agricultural 
industry. Experiments have been going on at Rothamsted.for 
some time with the view to making a nitrogenous and humus- 
forming manure from straw by bacterial decomposition alone. 
Thorough rotting of the straw is necessary ; the conditions to secure 
this are :— 

1. Air supply.-»Ty]>ical rotting occurs only under aerobic 
conditions. If air is excluded the straw remains unchanged for 
six months at least. 

2 . Supply of soluble nitrogen compounds in suitMe concentrations. 
—The concentration of even the w'cakest undiluted urine is above 

“ U.S. Geol. Surv., Dec. 8, f»20; J., 1921, 49n. 

“ J., 1921, 149a. 

"" (1. Ajon, Qiom. Chim. Ind. Appl., 1920, Z, 422 ; J., 1921, 21a. 

“ J. 1C. Breckonridge, J. IndfEng. Oftem., 1921,18, 324 ; J., 1921, 443a. 

"* U.iS, Com. Hepl.^ June 1, 1921 ; J., 1921, 31%; also see O. de 
Angelis d’Ossa^ AUi R, Accad. timei, 1921, SO, 379 ;*J., 1921, 710a. 

"" C. Krarup, Chem, and Met. Eng., 1921, 28, 316; J., 1921, 696a. 
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tho maximum limit for decomposition. No rotting occurs until 
the concentration of ammonium carboEate has been sufficiently 
reduced by volatilisation, 

3. Temperature. —The most rapid changes occur at about 36“ C. 

If soluble nitrogen compounds are supplied at the rate of O'73 
part of nitrogen per 1(K) parts of dry straw, all the added nitrogen 
is converted from a soluble to an insoluble organic form. Rotting 
will proceed until about 50% of the dry matter has been lost. Little 
or no loss of nitrogen occurs, so that tho linal product contains 
about 2 0% calculated on the dry matter. If soluble nitrogen 
compounds are adchd in excess of the limit, loss take.s jilacc until 
the concentration is reduced to the necessary extent, when the 
action proceeds normally. 

It is shown also by experiments at Wainfleet Camp that straw 
can be used for purifying sewage and there seems little doubt that 
the resulting product is a useful fertiliser.” 

Further investigations have been made of activated sludge, 
chiefly, however, with the view of simplifying the manufacturf^'’* 
or of ascertaining the degree of biological purification effected.''” 

The possibility of preparing a merchantable manure from peat 
continues to attract attention.' Two proposals may be mentioned : 
in one the peat is mixed with 5y„ of cyanamide and 5-20% of 
calcium carbonate ; potassium salts are also added.'" In the 
other peat is treated with distillers’ wash or other material rich in 
sugar and bacteria, and these are fermented in the exjjectation 
that a fertiliser"' will bo obtained. 

A further attempt has been made to prepare a fertiliser from 
waste leather by acid digestion." 

Sodium and Magnesium Salts as Fertilisers. 

The problem is frequently investigated whether and to what 
extent sodium and magnesium salts can act as fertilisers, and the 
results often show that crop increases are obtained by their use. 
Much depends, however, on circumstances. . Further instances 
are recorded where sodium replaces potassium to some extent as 

" H, B. Hutchinson and E. H. Richards, J. Min. Agric., 1!)2I, 28, 39S. 

” E. H. Richards and M. O. Weekes, Inst. Civil Eng., June 29, 1921; 
J., 1921, fi59A. « , 

“ J. Haworth, Inst. CivU Eng., June 29, 1921 ,« J., 1921, 559a. 

" P. Courmont, Gomptes rend., 1921, 178, 1696; 173, 181; J., 1921, 
659a, 600a. 

'» The Molassino Co. and H. C. S. de Whalley, E.P. 152,779 ; J., 1921, 
21a, , 

“ JB. B. Goldschmidt and M, Migeon, E.P. 162,738; J.,.1921, 481 a. 

« H. Devpa, E.P. 147,798 ; J., 1921, 233a. 
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food for cereals,’ and is then found in the leaves and stalks*’; also, 
whore magnesium'sulphate addeil to a complete fertiliser (nitrogen 
compounds, calcium phosphate, and sulphate of potash) increased 
the yield of potatoes. > ' 

Some fear has arisen lest the ratio CaO/MgO should be too 
much disturbed by additions of magnesium salts to soil as fertiliser ; 
it is said that there is some evidence for ratios of 1 :1 or 1 :2 
according to the nature of the soil, but pot experiments may give 
misleading results in unskilful hands owing to the crowding of 
plants, interference of root growth, etc.®* Examination of the 
plant ash indicates that the ratio of MgO/(JaO is greater than 1 
only in the case of sugar beet, maize, potatoes, and mangolds ; 
it equals 1 in wheat and is' just under 1 in oats, rye, barley, and 
buckwheat. The ratios KjO : MgO : CaO arc also discussed.®* 

Fertiliser Analysis. 

A number of recommendations have been made by the Association 
of Ollicial Agricultural Chemists which, however, do not readily 
lend themselves to summary description ; reference must therefore 
bo made to the Journal of that body.®’ 

Carbon Dioxide as Fertiliser. 

The e.xperiments of Horace Brown and of E. E.soombe** showed 
that additions of carbon dioxide to the atmosphere increased 
assimilation in the leaf, but the plant as a whole was unable to 
respond and consequently no increase in growth took place. The 
experiment was repeated by E. Beraoussy,®" who obtained wholly 
different results : the ]ilant responded and made greater growth 
when grown iii aif^.itmosphere enriched with carbon dioxide. He 
attributed his success to the circumstance that, unlike Brow'n and 
Escombe, he had used no acid in the preparation of his carbon 
dioxide, and he ccmcluded that part of the function of farmyard 
manure, green manure, etc., is to increase the supply of carbon 
dioxide, and thus increase plant growth. This particular deduction 
is now controvortof^ Lemmermann could find no evidence that 
carbon dioxide from dung or green manure was of advantage to 
the plant. The rate of production of carbon dioxide he maintains 
is so slow that the composition of the air is not'appreciably 

T. Pfeiffer, A. Rippel, and C. Pfotonluiuor, 7. Lijndw., 1920, 68, 255 ; 
J., 1921, 92a. , 

A. Ja<!ob, Z. at>gew. Chem., 1920, 33, 292 ; ,7., 1921, 21a, 

0. Loew, J. Landw., 1920, 68, 225 ; J., 1921, 92a. 

** H. Lagaty, Co7npte8 rend., 1921,178, 129 ; J., 1921, 124a. 

J. Assoc. Off. Agric. Ghem., 1921, Vol. 4. 

«» Proc. Rov. Soc., 19t)2, 70,397. 

•• Comptca rend., 1903,188, 325 ; 1904,138, 291; 139, 883. 
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affected.’” Evidence is, however, being brought forward by 
Ctcrman chemists to show that plant gro^h can be increased on 
the practical side by supplying carbon dioxide up to 0-15% or 
even 0-2% of the volume of the atmosphere, and some of the 
data j)r6scntod are startling. They are summarised by Bornemann” 
up to 1920 and only the subsequent developments need be men¬ 
tioned here. 

Bornemann’” him.solf finds that plants grown in frames treated 
with carbon dioxide for 10 hrs. daily showed increases of 40% 
or more—especially peas, potatoes, oats, and onions. Unlike 
Ijemmermann, however, he thinks that the increased fertility 
of dunged soil may in part bo due to carbon dioxide evolved 
therefrom. 

The results of E. Riedel’” have been widel 3 ' quoted and on them 
is based a patent wliich is being exploited in this countrj’. The 
results, it must be admitted, are not very numerous or very satis¬ 
fying from the practical point of view'. They were carried out in 
a glasshouse 25 metres long and 6 metros wide, and the carbon 
dioxide w'as introduced through a double set of pipes pierced 
w'ith holes which ran the length of the house. Autumn turnips 
showed considerable increase, and in the seven w eeks from August Ist 
to September 20th jdeldcd on the best plots no less than 20 tons 
per acre (5 kg. per sq. m.). The interesting feature of Riedel’s 
work is that he uses gases from furnaces removing the carbon 
dioxide in the first instance by absoqAion 'in sodium carbonate 
solutions from which it is regenerated by use of waste heat. Excej)- 
tion has been taken to the method on the grounds that carbon 
dioxide so impure as that generated in the Riedel apparatus cannot 
be relied upon to give increased j'ields. Olaussen’'' has shown 
that gains in crop yield follow only when pure t'O. is used. Riedel, 
however, maintains his position and he has now”' carried his exi)eri- 
ments out of the glasshouse into the open, debvering the carbon 
dioxide to the growing crop by means of periofated cement pipes ; 
he claims in this way to have obtained yields 1-5 to 3 times that 
of the control plots, though it is difficult to see how an adequate 
control could be maintained in the open air The investigation 
has, however, attracted so much attention from practical growers 
that the proposed method will probably be tested in this country.’” 

’»1921, 711a. 

” F. Bornemnnii, “ Kohlensaure & Pllanzenwachatum ” : I’arey, 
Berlin, 1920. ‘ ^ 

’” MUi, dcut. Landw. Gea., 1920 ; J., 1921, 71 1a. 

’” titohl und Eisen, 1919, 40, 1497 ; Mollera Deula. Odrtner July 20 
and 30, 1921, where Rome illustrations are given. 

’* Chem.-Zeiti, 1920, 44, 685, 808. 

■ ’” Chem.-Zeit., 1821, 45, 157. 

’• For a useful summary see R. Cerighelli, Ann. Sci. Agron., 1921, 38. 
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Soils, 

Soil analysis is probably one of the most unsatisfactory duties 
a consulting chemist is called upon to perform. It is easy enough 
of course to obtain figures, but moat difficult to interpret them, 
and often impossible to give the client ^ho information he is entitled 
to have. From a rather wide personal experience and examination 
of numerous reports made by professional analysts, the writer is 
forced to the conclusion that soil analysis on our present knowledge 
can be used only for comparing similar and comparable soils and 
not for advising on any particular soil. If one soil has a known 
agricultural history and can serve as a standard, another soil 
which is strictly comparable can be tolerably well compared with 
it after both are analysed. But little or no useful information 
can bo obtained from the c.xamination of a single soil. 

Admitting that the purpose of soil analysi.s is comparison with 
a standard soil, it falls into two parts. Mechanical analj^sis enables 
the physical constitution of the soil to be examined. The coarser 
portions are ciusily e.stiriated ; for the clay, however, the usual 
ItritLsh method is very tedious ; Beam’s method has been re¬ 
examined and is shown to bo equally reliable and much more rapid. 
The differences lie mainly in the use of taller sedimenting vessels 
and the substitution of 0-0.')% sodium carbonate for the usual 
ammonia solution ; further, a centrifuge is u.s<fd instead of the 
slow sedimentation.” 

On the chemical side it seems necessary to determine certain 
bases and certain acids. The most important ba,ses arc calcium 
and potassium, but considerable controversy has arisen as to the 
proper way of extraction. There is yet nothing approaching 
agreement, but .“(jpielhing is being done to show the condition 
in which the base, exist in the soil, and ultimately with more 
precise knowledge it should be possible to find a way out of our 
present tangle of empirical methods. A jiaper by Hissink deserves 
mention. Ho recognises that bases occur in soils in two widely 
different forms : (1) Adsorbed, probably as ions, and easily replace¬ 
able by other ions, e.g., by treatment with ammonium salts. 
(2) In a form not ilh replaceable but yet soluble in acids. It is 
presumed that the adsorbed bases form tue supply immediately 
available for plant nutrition. Methods are suggested for estimating 
these ; the calcium and magnesium by displacement with A/l 
sodium chloride, and the potassium and sedium by use of A/1 
ammonium chloride. • 

From the point of view of soil analysis importance is attached 
to the “ state of saturation ” of the soil, i.e., the ratio of the number 
of adsorbed CEttions to the numbei which the sqjl is capable of 

” A. F. Jcsgph and F. J. Martin, J. Agric Sci , 1921, 11, 293; J.. 1921, 
743a. 
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adsorbing ; but there is as yet no aecuritte method for determining 
the latter.’® 

Investigations such as the.se’* will no doubt afford a basis for 
the development of a true scientific; method, but in the meantime 
the problem is being attacked empirically ; pot experiments are 
set up with different soils these arc examined by the help of a 
number of different solvents, and that one is finally selected which 
gives results most in accordance with the crop yields. Lemmer- 
mann and his colleague's*" have done some of the best of this work 
and have shown that their method of relative solubilities (for 
potash ; proportion of total which is soluble in 10 % hydrochloric 
acid, and for I’oOr, : proiiortion of total which is soluble in 1 % 
citric acid) helps to a(;count for the ob.servcd behaviour of fertilisers 
in soils, though they do not agiee that any method of chemical 
analysis (;an a priori d(;termine the fertiliser recjuirernc'nts of soil. 

In the Texas experiments*’ NjS nitric acid was considered the 
moat suitable reagent, although _ care is necessary in interpreting 
the results as soils differ in their ease c)f yielding up phosphates 
to the jdant, even when they contain the same (quantity of soluble 
phos])hate : e.g., surface soUs giv'c up more than subsoils of equal 
content, .and non-acid soils more than acid soils. Yet another 
method which hirs accorded well with pot experiments is to auto¬ 
clave the soil and extract the potash with water.** No solvent, 
however, can give absolute figures : much depends on the conditions. 
Some attention has been devoted to the inflilcncc of soil reaction. 
The absorption of phosphorus by plants is affected by the reaction 
of the soil, though to a different rrxtcnt for different cro])s. Maize 
could absorb difficultly-soluble phosphates in acid soil only; 
addition of lime reduced the amount absorbed. Mustard, on the 
other hand, was able to absorb the same phosphate in more alkaline 
solution. The ratio of CaO : P 2 O 5 absorbed was in maize 3 : 1 
and in mustard 1.5 ; 1. This ratio measures the capability of the 
plant to utilise P 2 O 5 and to induce ch.ange in reaction. The cations 
are preferentially absorbed early, thus leaving a reaction favourable 
to assimilation of phosphate.** It is further claimed that the 
ratio potash : lime is important; any considerable increase in the 
supply of lime brings about a repression of potash assimilation 

’* 1). .1.;HisMink. Frr.vt Landbouwk. Omkrzork. liykdandhou'wproejstat.t 
1920, 144 ; J., 1924, :i59A. 

” Sc(' also L. (liwalc, SUiz. Sper. Agrar. lUd,, 1921, 64, 0.9 ; J-t 1921, 710a, 

*" O. Leinrnorinann, L. Kivsonius, anh H. W(efiamann, Landw. Verewhs- 
Stal., 1921. 98, 15.9 ; J., 1921, 820a. 

*’ tl. S. Fraps, Texas Agric. Expt. Sia, Bull., 267, 1920 ; J., 1921, 820a. 
S«! also O. M. Sliedd, Noil Nci., 1921, U,dll ; J., 1921, 232a. 

,1. Konig rt.id ,1. Hausenbaumer, Landw. Jahrb., 1920 ; a good rdsumd 
■ of investigations carried out during the patt 20 years. 

** M. Wrangell, Landio. Versuchs-Stat, 1920, 96, 209 ; J., 1921, 64a. 
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which may r&sult in conaidcrahlc injury, which can, however, 
be remedied by iJeavy dressings of potassic fertilisers.** 

Noil, Rmciim. 

This important factor is being clcrsely studied and it‘is hoped 
that useful and eiisily-worked metfiods will soon be available. 
A resume of the whole subject was ])ublished early in the year by 
K. A. Fisher,** but other methods have be(m subsequently 
described,** and the whole subject is rapidly advancing. 

''■* J'. lOhronln'r;;, JMnrlv. Jahrh., 14, I- 

*■’ ./. Afjric. Svi.. 11. lit, 45; 1!»2I,2 :Ua. 

hJjf.. L. Micliiwlis and A. (JycinanI, liioi-hvm.. Ziifs., I!)20,109, 105 ; 
I02a. (>. Lf'miuorinaim and l^. Fiasoniim, J. LanOw., 69, D7; 
J., 1921, 555A. 
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By Lewis Eynon, B.So., F.I.O., and J. Henry Lane, B.Sc., F.I.C., 

Amhjiical and Conmlting Chemists ; Official Analysts to the 
tSugar Association of Londo7i. 

Sugars. 

Statistics ])ublisliod by Willett and (lray,> for tlie year ending 
October 27, 1921, give the world's production of sugar as 16,555,059 
tons, coni])rising 11.831,715 tons of cane sugar and 4,723,344 tons 
of Ix^et sugar. The figure for cane sugar is only about 70,000 tons 
Wow that for the previous year, but most producing countries 
showed a small increase, the joint effi'ct of which is oflset by a decrease 
of 700,0(X) tons in India. European beet production showed an 
increase of about 1,125,000 tons over the yield of th(' 1919-20 
campaign, and the j)resent campaign is ex|) 0 ctcd to show a further 
increase of about 200,000 tons. Estimates for the production of 
cane sugar for the year 1921-22 are, of course, only tentative, but 
in most countries a decrease is expected, amounting in the aggregate 
to about 1,000,000 tons. 

The outstanding feature of the present year for the sugar industry 
has been the fall in xnka*, which, starting from an unprecedented 
height in 1920, have probably not yet reached bottom. The chief 
factor responsible for raising prices to a pinnacle two years ago 
appears to have been the expectation that the world’s consumption 
would rapidly tend to attain pre-war dimensions and also that in 
consequence of the prohibition of alcoholic beverages in the United 
States, the consumption of sugar in that country would increase 
enormously. These expectations have not l(pen realised, and in 
view of thc’ impoverished condition of Europe it seems probable 
that European consumption will recover very slowly. It is true 
that the world’s production of sugar (cane and beet) is some two 
million tons less than just before the war, but during that period 
the production oi cane sugar, stimulated By conditions due to the 
war, has increased by about two million tons. ' This means that 
the production of beet sugar is about four million tons less than 
before the war. Unless the cane sugar industry can supply sugar 
at a price which will prevent the full recovery of the beet industry, 

• Int.,Sagar J., 1921, 23, 663. 
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it will be faced wijjh a verf difficult situation until the world’s con¬ 
sumption of sugar has repovered to something like the pre-war 
level. The difficulty will be felt most keenly by factories erected 
during or since the war* at a great outlay of capital. In Cuba, 
where a vast amount of capital has been sunk within rcceflt years 
during the reign of high prices, the fWl in prices produced acute 
financial difficulties, resulting in a moratorium, for much of the 
plant is not yet paid for ; and in the early part of the year 1921 
a Sugar Commission was appointed by the Cuban Government 
to control the price of sugar for export. 

In the llnited Kingdom the pa.st year has seen the official demise 
of the Royal Commission on the Sugar Sup))ly appointed in August 
1914. Its operations are described in a series of annual Reports, 
the last of which (to March, 1921) contains some general obser¬ 
vations on State trading. In th(^ course' of it!i seven-years’ life it 
made purchases of sugar amounting to more than 9 million tons. 

•(Unk Suoau. 

Manujaelurc .—In thre(^ro]le^ cane mills the ])ressure l)etwcen 
the top roller and the rear one is required to be much greater than 
between the top and front rollers, and for mills of this type having 
a movably mounted top roller, F. J. de Rruin^ claims a form of 
construction in which the hydraulic pressure acting on the top 
roller is directi'd more towards the rear than towards the front 
roller, so as to ensure adequate compression of the cane in the 
roar gap. The direction in which the hydraulic pressure acts on 
the top roller can be adjusted, within certain limits, by various 
alternative means.^ A further form of construction is also claimed® 
in w'hich hydramlie juessure is applied to the rear as wcU as the 
top roller, the front one being fixed. This arrangement remedies 
certain disadvantages associated with other types, in which the 
forcing apart of th*e front and top rollers by irregular charging 
results in a lessening of the pressure in the rear gap also. By 
the new construction the hydraulic pressure on the rear roller 
ensures constancy oi pressure on the cane in the rear gap even 
when the top roUcr is lifted. In mills with two rollers (or under 
certain conditions in those with more than two), C. McNeil® provides 
means for adjusting the relative positions of the upper and lower 
rollers in a direction at right angles to the plane containing the 
axes of the two rollers, jpr whieh purpose the housmgs of the upper 
roUer make contact with those of the lower roller over guiding 
surfaces which permit a sliding motion in the direction named. 

® E.P. 162,633 ; J., 1921, 444a.’ 

® E.P. 149,289 i J., 19Sl, 633 a. 

‘ E.P. 161,726. 

2d2 
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It has been mentioned in previous Reports'^ that the intensive 
milling of the cane which has been practised within recent years, 
notably in Hawaii, has certain disadvantages, viz., the juice as a 
whole has a lower quotient of purity tlsin juice obtained by the 
older milling plants, and also it is liable to contain abnormal amounts 
of fine suspended matter, or hagacilh, which is difficult to eliminate. 
With regard to the latter point, S. S. Peck® suggests that a con¬ 
siderable improvement could be realised by the use of fine juice- 
strainers of iOO-mesh instead of the eomparativcly coarse strainers 
usually employed. A further point in connexion with these recent 
milling processes is raised by J. N. S. Williams,’ who suggests that 
appreciable los.ses of sugar by inversion an* likely to occur as the 
result of fine shredding and extreme erushing of the cane and 
maceration with iUter-press washings and thin juices from the 
last unit. As evickmci! that such lossi's do occur he cites some 
comparative data for several fiwdories ; these data show a higher 
value for the calculated sucrose in the cane for factories jiractising 
moderate crushing and maceration but working an inferior cane, 
than for factories working a superior cane but with extreme crushing 
and compound maceration, although the perceiitagi' extraction 
was greater in the latter than in the former eases. >Such losses of 
sugar during milling would not be revealed by the usual mcthoils 
of factory control, for a direct accurate determination of the sugar 
in the cane is impracticable, and the indirect method employed is 
based on the sum of the sugar in the juice and that in the bagasse. 
As the percentage extraction is calculated on this indirect estimate 
it does not necessarily represent the proportion of the sugar origin¬ 
ally present in the cane which has been extracted. Some, experi¬ 
ments recorded by G. Loos and A. Schweizer* are of interest as 
bearing on this question of sugar losses during milling. In these 
experiments it was found that whilst the sugar-content of ver\' 
finely divided bagasse diminished from 3% to nil in 7 hours, the 
deterioration was much slower in bagasse le&s finely divided and 
largely freed from rind by screening. The observed deterioration 
is attributed by the authors to the action of enzymes present in 
the rind of the cane. M. Bird® describes attempts made to mini¬ 
mise fermentative processes during milling operations in a factory 
in British Guiana. A small proportion of milk of lime together 
with some commercial formaldehyde (2 pints of the latter daily) 
was allowed to' flow in a thin continuous stream into the juice 
leaving the last finit of the milling train, and this juice was employed 

® Ann. Hephi.. 1918, ,‘165. 

« Int. Sugar J., 1921, 23, 1.58 ; J., .1921j 271 a. 
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for macerating th« liagasilfe from the first unit. The results were 
so satisfactory that the proportion of lime used was increased, 
and ultimately the whole, of the lime required for the defecation 
of the factory juices whs added in this way. This method of 
operating is now in use in several facj^ories with very satisfactory 
results, as it assists clarification, facilitates the attainment of the 
correct reaction for defecation, and relieves the filter presses to 
some extent owing to a jiortion of the imyiurities precipitated by 
the lime being retained in the bagasse. 

Difficulties encountered in an Egyptian sugar factory, in the 
defecation of certain raw juices from sound canes, are attributed 
by C. Muller'" to the liberation of colloidal organic substances 
(amtaining silicic acid from the plant cells in the milling of the cane. 
These substances are not precipitated by lime, but if the juice is 
sujierhcatcd at ll()° ('. before liming the organic component is 
coagulated and the silica is piecijiitalile by lime. This treatment 
is stated also to imjirove the colour of the juice, to reduce the 
amount of lime requireiKfor defecation to one-third of the usual 
amount, and to enable suljihitation to be omitted or postponed 
until the juice has been cvajiorated to .syrup. 

Recent apparatus for the separation of suspended matters from 
raw or defecated sugar juices show s no sign of becoming standardised 
in type at present, for the patents published during the period 
under review embody a number of widely different principles. In 
an apparatus claimed by J. Miller and (!. Fletcher and Co.,” the 
juice is forced ujiwards througji a layer of bagasse held between 
horizontal perforated plates in a vessel supjiorted pivotally on hollow- 
trunnions which also sei-ve to conduct the juice to and from the 
vessel. The trunnions are connected by a yoke passing above the 
vessel and cam'ing a screw for fixing a cover on the vessel and for 
compressing the layer of bagasse to any required extent in the 
course of filtration. Apparatus patent'd by C. ’(!. Fetree'* for 
the continuous treatment of defecated juice is of the conical type 
with a discharge outlet for ileposited sludge at the bottom, an 
inverted weir device at the tfip for collecting floating matter and a 
gallery and helical biffHe plate to control the flow of juice through 
the apparatus. An intermittent-acting juice filter in which a 
piston-like filtering medium is forced downwards through the juice 
in a closed vessel is claimed by F. Tiemaiin.'"»FI. C. Garrick” 
has patented a straining apparatus of an entircly«different type in 
which the filtering .surtice forms the periphery of a cylindrical 

Bull. Asm. Chim. Suer., 1921,20, 2;t9 ; J., 1921, 402a. 
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vessel rotating about a horizontal axW and divided into radial 
compartments in which a partial vacuum is maintained while they 
are in the upper part of their travel. 'Pie juice to be strained is 
fed on tp the upper part of the revolving v’essel, the liquid is drawn 
into the underlying compartments, the solids retained on the 
filtering surface are removed therefrom by a scraper at a later 
stage of the revolution of the vessel, and stUl later the internal 
compartments arriving at the lowest part of their travel discharge 
their liquid contents through the filtering surface into a trough 
below the apparatus. E. G. Aizcove"’ proposes to allow defecated 
juice to travel slowly along a closed-in channel with upwardly 
sloping floor, and to incorporate this device as part of an evapor¬ 
ating unit, the vapour space bring situated at the inlet end of the 
channel, whilst the calandria is situated at the other end and 
supplied with clarified juice through the channel. Centrifugal 
separators for defecated juice are claimed by F. W. Fischlein’“ and 
by W. Mauss.” The former apparatus contains a scries of conical 
screens mounted on a rotating shaft within a closed casing, whilst 
in the apparatus claimed by Mauss the suspcndeil matters in the 
juice are thrown against the imperforate walls of a rotating chamber 
consisting of separable sections. 

The hypothesis advanced bjf A. Schweizer'* to account for certain 
hitherto unexplained losses of sugar in factory working in Java, 
which was referred to somewhat sceptically in last year's Report, 
must apparently now be regarded as untenable. Schweizer’s 
theory was that sucrose was inverted and even further decomposed 
by the “ atomisation ” of syruj) particles in the evaporating plant. 
W. 1). Helderman and C. Sijlmans'* have since canied out experi¬ 
ments in which hot sucrose solutions were repeatedly converted 
into spray, but they found no evidence of any appreciable amount 
of inversion of the sugar. On the other hand, J. S. dc Haan's 
conclusion that the losses referred to are due to entrainment of 
the juice in the evaporating plant is oonfii'meU by obervations of 
W. C. Nieboer“ who reports that as the result of the installation 
of two spray-separators of the whirling blade type in place of 
juice-catchers of the Hodek type in a Javan factory, the unex¬ 
plained sugar losses have been reduced from 4-07% to 2-65%, 
which represents a saving of about 152 tons of white sugar on a 
crop of 10,768 tons. 

Much interest^ continues to be manifested in the subject of the 
presence of fine sugar grain in finai molaftscs. It will be reraem- 
U.S.P. 1,358,132 ; J., 1921, 22a. 
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bered that a few; years ^go H. Kalshoven®* investigated many 
samples of molasses in Ja\a and concluded that they contained on 
the average 8% of fine sugar crystals and some contained as much 
as 17-18%. E. O. von Lippmann^ subsequently found quantities 
up to 13% in beet molasses. Some doubt has been thrown upon 
the aceuracy of these figures, for the method employed by Kal- 
shoven for determining the sugar grain has been criticised from 
several sides. This method is based on the comparison of the 
refractometric dry-substance content of the original molasses with 
that of the sample diluted with water in order to dissolve the sugar 
crystals present, the latter value being of course calculated back 
to the undiluted molasses. A similar method had btsen employed 
by Stanek and Skola for determining the purity of the syrups in 
massecuites without removing the grain, but according to J. Dcdck''® 
the method was found to be subject to so nfeny sources of error 
that it had to be abandoned. The determination dop(ncls, in fact, 
upon a small difference betw een tw o refractometric readings which 
are liable to considerable jmcertainty. Th(‘ u.se of water for diluting 
also involves errors, as ptanted out by J. Tisehtschenko.^* Eor 
example, Dedek found that when the method was applied to a beet 
molasses entirely free from microscopic crystals an amount of fine 
grain was indicated which varied according to the degree of dilu¬ 
tion ; when the sample was dilute^d with 214% of water it appeared 
to contain 1-18% of grain, but when diluted with 97-3% of water 
4-89% of sugar grain was indicated. In view of these consider¬ 
ations Bedek recommends that dilution should be avoided alto¬ 
gether, by taking the .second reading on a portion of the sample 
which has been heated hi a firmly closed metal container for I hr. 
at about 110° t*. ijf a bath of glycerin and shaken at intervals to 
dissolve any ciy.stals present. Operating in this way on a number 
of beet molasses, Bedek found amounts of raw grain ranging frgm 
nil to 18.7%, the average being 6-9%. Kalshoven's method 
indicated much larger amounts, for example 18% instead of 13% in 
one case. A. Schweizer has expressed doubts whether such large 
proportions of sugar grain can actually be present in molasses. 
He found that wheji a molasses w'hich had been filtered through 
thick cloth was mixed with 3-5% of finest sugar dust it had the 
appearance of an opaque mass having somewhat the character of 
massecuite, and even 2% of fine sugar could be detected on spread¬ 
ing the molasses on a glass plate. Moreov r, ho failed to detect 
any evidence of sedimentation in molasses kept^or a long time in 
tanka, the upper and lower layer’s having practically the same 
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composition after long storage. The sifbjcct Mjould thus aj^ar 
to require further study, particularly as regards the validity and 
limits of error of the rcfractometric methpd employed to determine 
the sugar grain. Some experiments carrifed on in a Javan factory 
by W. t). Helderman appear to show that large quantities of 
recoverable sugar may be lost in molasses. A low-grade massecuite 
cooled in the usual way. in unlagged tanks, yielded %%% of sugar 
on centrifuging, but by leaving the massecuite to cool v'ery slowly 
in insulated tanks for two months, and then centrifuging, the 
yield of sugar was increased to 28-31the crystals were larger 
and more regukr in shape than those obtained by the former 
treatment, and the resulting molasses was quite free from grain. 

Deterimalmn of Raw Sugars. 

N. Kopeloff, H. Zf. E. Perkins, and ('. J. Welcomehave made 
a study of the changes oceurring in a large number of bags of raw 
Cuban sugar, of different marks and (jualities, in the course of 
storage for eight weeks in a warehouse in New Orleans under 
ordinary storage conditions. The original polarisation of the. 
various sugars rangvsl from 92 to 98, the moisture-ratio ” (i.e., 
W/(1(H)-S) where W and S are the percentages of water and sucrose 
respectively) ranged from 0-18 to O-hd and the number of micro¬ 
organisms per gram of sugar ranged from 07 to 134,000. Chemical 
and bacteriological tests carried out after four and eight weeks’ 
storage showed that mo.st of the sugars had undergone appreciable 
deterioration, that is, a fall in polarisation, amounting in some 
cases to more than 1%, usually accompanied by an increase in 
reducing sugar. There was a decided increase also in the number 
of micro-organisms, which could be correlated yith the degree of 
deterioration within certain limits. In general the number of 
micro-organisms per gram of sugar was greater at the centre than 
at the surface o’f the bags, doubtless because the atmospheric con¬ 
ditions (average temperature 07° E., relative humidity 81) were 
such thiit the outer layers of sugar tended as a rule to become 
drier dm-ing storage. A study of the results indicates that neither 
the “ moisture-ratio,” nor the number of Ihicro-organisms per 
gram is by itself a satisfactory criterion of the liability of a sugar 
to deterioration ; of the two factors mentioned, considered singly, 
the second is more to be relied upon than the first, for whilst pre¬ 
dictions based on the number of organisms proved wTong in 33 
cases out of 141, predictions based on the moisture-ratio were 
falsified in 86 cases out of 141. By taking both factors into account 
more valid generalisations can be made, but these arc subject to 
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exceptidns. Satoples hawing any moisture-ratio common in raw 
(Juban sugars (0'2-0-5) are practically certain to deteriorate during 
storage if they contain more than 50,000 organisms per gram. 
If the number of organisms do(« not exceed 500 the danger of 
deterioration is mutsh less in the case of sugars having rfloisture- 
ratios below 0-30, but there is ample* evidence to show that even 
if the moisture ratio is reduced below 0-3, which is considered the 
critical point, deterioration may take place in sugars containing 
more than 200 micro-organisms per gram, It has been shown 
that the use of superheated steam in the centrifuges will reduce 
the number of organisms in a sugar by more than !K)%, so that 
by this means tlu^ danger of deterioration may be practically elimi¬ 
nated provided the factor of safety or moisture ratio is also properly 
controlled, (,'ertain moulds of the genera PenicilUnm and Asper¬ 
gillus are regarded by W. J. T. Amons and by P. A. van der 
Bijl as among the most a(!tive agents causing deterioration in 
sugar, and various species isolated from sugar are described by 
both these investigators. Van der Bijl considers that bacteria, as 
distinct from moulds, only play an important part in excessively 
moist sugiirs. In order to jwodiice sugars not liable to undergo 
(diange during storage, he suggests that from the boiling of the 
massecuite onwards all factory o|iii’ations should be carried out 
under a.septic conditions as far as possible, that plant and utensils 
should be disinfected periodically, and lliat the sugar should be 
dried before being bagged. 

A method pro])o,sed by I). (Jrant^* for jireventing or muiimising 
deterioration in raw sugars intended for refining, is to mix with 
the sugar a small pro})ortion, for example 0'5-()%, of dry finely 
})owdiTed decolorising (iarbon or other ad.sorbent material such as 
kieselguhr. Tlhe added material by adsorbing nioisture present in 
the sugar, renders the latter much drier to the tomdi and much |,ess 
liable to deterioration during storage and transport. A particular 
advantage clairaeth for this treatment is that the sugar is rendercKl 
sufficiently dry and crumbly to be shipped in bulk and conveyed 
by pneumatic transport, like grain. The treatment of the raw 
sugar by this proc(;s3 is stated to facilitate and effect economies 
in refining, but of course it would necessitate that the refiner’s 
methods must be adai)ted to deal with sugar treated in this w'ay. 

])eM)hnsivg Carbons. 

Several patented processes lor tno preparation of these products 
have been published during the jiast year. De Bruyn, Ltd. and 
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C. Revis employ as raw material the filter press r^idues from the 
refining of edible oils sueh as eottonseed oil. M". B. Puimett and 
R. A. Whitaker impregnate sawdust or other vegetable material 
with a eoneentrated solution of a sulphate, sueh as nitre-cake, 
and carbonise at c00 -600° C. in open retorts in presence of air, 
after which the product is le'ached, dried, powdered, and reheated 
at 800°-1000° C. in absence of air. In a process claimed by C. S. 
Hudson sawdust, corn-cobs, or other suitable material is impreg¬ 
nated with about twice its weight of p)ios})horic or boric acid and 
carbonised below a red heat, but preferably above 375° C. The 
yield of decolorising carbon obtained is stated to amount to 90% 
of the amount of carbon contained in the raw material and its 
decolorising action on raw sugar solutions is five times as great as 
that of the best decolorising carbons hitherto available. The 
phosphoric or boric acid is leached out and employed repeatedly. 
The decolorising jmwer of the product varies according to the 
proportion used and the temperature of carbonisation. Between 
300° and 375° 0. a soft carbon is obtained which possesses only 
imxJerate decolorising ])ower, whilst between 400° and 600° C. 
a hard and very active product is obtained suitabki for industrial 
use. The high yield and exceptional activity of the product 
claimed for this process are attributed to the use of an acid capable 
of forming esters with the carbonaceous materials whereby the 
course of carbonisation is profoundly modified, and further the 
presence of the hot acid flux maintains th(i suiTacc of the particles 
of carbon clean and prevents oxidation. 

In a suggestive paper by E. G. R. Araagh^* a resmnv is given 
of the present state of our knowledge concerning the conditions 
favourable to the jiroduction of active decolorising carbons. The 
conditions mentioned an; (1) the use of organic mate'rial rich in 
silifia, lime, or nitrogenous substances, (2) imj)regnation of the 
material with inorganic salts or oxides, that remain solid or volatilise 
at the temperature of carbonisation, or im])rcgnation with nitro¬ 
genous substances such as casein, (3) high tem])eratures and pro¬ 
longed heating, (4) in certain cases the action of steam or carbon 
dioxide at a certain optimal temperature, (fi) extraction of the 
mineral impregnating agent after carbonisation, and (6) reduction 
of the product to a fine powder. Experiments on fine sawdust * 
from hard maple wootl confirm these conclusions. When the saw¬ 
dust was carbonise{i in an atmosphere of nitrogen at 850° C. the 
adsorbent capacity of the product for caramel increased with thd 
duration of carbonisation. Previous impregnation of the sawdust 
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with suitable inorganic sails improved the product, the best results 
being obtained by impijegnating with ammonium' magnesium 
chloride or by mixing the ^awdust with an equal quantity of calcium 
phosphate. Wliether the sawdust was impregnated or not, how¬ 
ever, the decolorising power of the product was invariably increased 
by extracting with hydrochloric acid. 

In the same paper an account is given of the theoretical con¬ 
clusions reached by N. K. Chancy in his work on the preparation 
of active carbon for gas masks, which was carried out for the United 
States Chemical War Service, (haney distinguishes two forms of 
amorphous carbon : one, the a-form, iJos.sesses great adsorbent 
power and is readily attacked by ox idising agents, whilst the other, 
or ^-form, is inactive and more resistant to oxidation. In general 
the a-form is produced by the chemical or thermal decomposition 
of carbonaceous material at temperatures‘below f)00“-b00“ C., 
whilst the inactive form is produced at temperatures above 800° C. 
In the destructive distillation of organic matter at low temperatures 
the o-carbon produced. adsorbs hydrocarbons and the product 
obtained under such conditions, which is <lesignated “ primary 
carbon.” is a very stable complex of hydrocarbons adsorbed on a 
base of active carbon. Many animal and vegetable carbons consist 
of “primary carbon ” and so also’do cokes prepared from bitu¬ 
minous coal at low’ temperatures. “ Secondary cai bon ” is “ pri¬ 
mary carbon ” w'hich has been partially or completely broken 
down with the formation or introduction of inactive carbon by the 
high-tem 2 )erature carboni.sation of hydrocarbons forming jjart of 
the primary carbon itself or derived from extraneous matters. 
The problem of producing active eaihon, according to this view, 
consists in seleetjjRg or producing a primary carbon and then by 
differential ojrtdation or distillation removing the adsorbed hydro¬ 
carbons from the base of a-carbon. The beneficial effect of im¬ 
pregnating agents is due to their action in removing these adsorbed 
hydrocarbons. They also undoubtedly render the carbon more 
porous, but Chaney distinguishes adsorbent power due to porosity, 
or “ capillary capacity,” from the “ specific capacity ” which is a 
characteristic of a-«arbon. In relation to the adsorption of gases 
capillary capacity is fundamentally different from specific capacity. 
It is characterised by the rapid attainment of equilibrium, that is, 
gases at high concentrations are rapidly absorbed, but also rapidly 
released when the concentration is reduced. ^ Specific capacity, 
on the other hand, ^s chaS'acterised by the power of adsorbing 
gases at low concentrations, and by great retentivity. Hiese 
theoretical views deserve consideration inasmuch as they suggested 
several methods of prepjtring active carbons which proved 
successful. 

Tranf, Amer. Klectrochm. Soe„ 1919, 36, 91; J., 1919, 8fi7A. 
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The comparison of the decolorising povVer of samples of carbon 
and the choice of a satisfactory numerical constant to express the 
results have engaged the attention of A. B. Bradley and P. E. 
Thomas. The problem is one of considehible difficulty, for the 
effect produced by a sample dppend.s on factors which have not 
yet been fully elucidated. Very useful work in this direction has 
been done by Bradley in an investigation of the action of a number 
of decolorising carbons on a r)(»% solution of a raw Jamaican sugar 
under similar conditions, the liquid being ti'eated with .5% of the 
decolorising carbon, heated just to boiling, filtered by suction 6n 
a Buchner funnel, and examined with a Lovibond tintometer to 
determine the percentage of colour removed. Prom these com¬ 
parative tests it is concluded (1) that in general the carbons which 
possess the lowest decolorising power also give rise to the slowe.st 
filtrations, (2) that the percentage of carbon in the samples is not 
a measure of the decolorising power, (J) that the relative decolor¬ 
ising efficiencies of a number of samples may vary according to 
the concentratioii of the sugar solution employed, (4) that the 
presence of a large proportion of very fine particle.s, passing through 
sieves of mesh higher than 84, is detrimental in resjiect of decolor¬ 
ising action and rate of filtration, and (5) that the decolorisihg 
and filtering efficiencies of a safnple depend on its bulk or porosity, 
as mea.sured by the volume occupk'd by !> g. of the sample. Bradley 
is inclined to regard the last-mentioned factor as of chief importance 
in determining decolorising power, but the size of the particles 
also plays a part. Carbons containing a large jiroportion of very 
fine gram become rapidly exhausted on continued use, whilst those 
containing the largest proportion of medium-sized grain, say those 
passing a sieve of 84-mesh but retained by one of 106-mesh, main¬ 
tain their activity longe.st. P. E. Thomas ” emjihasises the prac¬ 
tical importance of expressing the decolorising power of carbons 
in such a way as to indicate the relative amounts of the samples 
required to produce equal decolorising effects,' and he propo.ses 
to adopt “ Norit ” as standard, and to test other samples by ascer¬ 
taining the, percentages of the latter necessary to produce the 
same decolorising effect as 5% of “ Norit ” on a«raw sugar solution 
of 60° Brix under certain standard conditions, the percentages 
being in all cases referred to the sugar present. In a later paper 
Bradley criticises certain of Thomas’s suggestions and urges that 
a satiirfactory comparison of decolorising pow'er cannot be baseil 
on the behaviour of the standard carbon at one concentration only, 
for the relative efficiencies of different carbons vary according as 
larger or smaller proportions of all arc used. In view of the im- 
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portanco of this bulk or porosity of the samples and the size of the 
grains, these factors also should bo taken into account in any 
scheme of standard tests. The main points in the scheme suggested 
by Bradley are as follows ; (1) The adoption of a standarcl tinto-' 
meter, preferably that of Hess-Ives, (2) the use of a 50% faw sugar 
solution for the tests, (3) the adopticih of a standard carbon of the 
highest decolorising power, such as “ Super-Filtchar,” (4) the 
determination of the percentages of colour removed by various 
proportions, ranging from 1 to 0%, of the standard carbon and 
also of the samples under examination, so that graphs may be 
plotted to exhibit the relative efficiencies at different concen¬ 
trations, (5) the observation of the times required for the filtration 
of a given volume of the treated solutions, under standard con¬ 
ditions, (6) the determination of the proportions of the samples 
capable of passing through screens of differMit mesh, for example 
fit), 106, and 124. and (7) the determination of the volume of a 
given weight of the samples, as a measure of porosity and also of 
friability. It is to be hoped that the publication of the papers 
referred to above will learl to an exchange of view s between chemists 
concerned with the manufactui’e and use of decolorising carbons 
in* the .sugar industry, for as the number of carbons on the market 
increases and their use becomes mo?e general, satisfactory methods 
of valuation adapted to the ri'quirements of the different branches 
of the sugar industry will become urgently necessary. 

It is well known that decolorising caibons are more effective in 
acid than in neutral or alkaline solutions, and in an investigation 
with raw canc juices J. F. Brewster and W. 0. Raines “•have con¬ 
firmed this fact in terms of hydrogen ion concentration. It was 
found that the ^j?ic(aitration of hydrogen ions in normal cane 
juices is in the neighbourhood of the value p,,—5, but it varies 
considerably in different cases and not always in the same direction 
as the acidity determined by titration. For example, one juice, 
10 c.c. of which required 1'4,‘5 c.c. of A'/IO alkali for neutralisation 
had a p,, value of 4-8, whilst another re({uiring 2-0 c.c. of alkali 
had a 'lower hydrion concentration, viz., p„=6-0. It was found 
that the decolorisiijg effect of a carbon on raw juice increases wdth 
increase in the concentration of hydrogen ions, but in view of the 
fact that decolorisation is usually carried out on the hot juice, it 
is not considered advisable to work with a hydrion concentration 
exceeding the natural reaction of the juice, owing to danger 

of inversion of sucrose. J. ly A. Sauer *“ claims that the advantages 
of working with an acid liquid can be realised without actual acidi¬ 
fication, by employing a decolorising carbon which has been boiled 

with excess of acid, washed* until the washings are neutral, and 

* 

•’ J. Ind. Em/. Chem., 1921*, 13, Utot; 7., 1921,^OSa. 

" E.P. Idt),229 ; J., 1921, BSXa. 



430 


, \ 

REPORTS OF THE PROGRESS OF APPLIED CHEMISTRY. 

not subsequently dried. The moist carbon thus ‘treated retains 
adsorbed acid and acts on sugar solutions as if the latter were acid. 
Sauer “ has also patented a process for the systematic treatment 
of sugar liquors with decolorising carbons, the main feature of 
which is that batches of the liquid at different stages of decolorisation 
are passed in turn, the lightest first and so on, through the same 
charge of carbon in a filter press, or in the, case of the first and 
last batches of liquid the carbon may be mixed with the liquid 
and transferred to the presses with the latter. The General Norit 
Company claim a process and apparatus for the treatment of 
liquids with decolorising carbon, in horizontal mixing cylinders 
fitted with agitator blades and each with an internal filter fitted 
in front of the liquor outlet at the top of the chamber, to retain 
particles carried away by the liquid and to return them to the 
body of the chamboF. 


UjiBT |SU(!AR. 

British Bed Sugar .—The Kclham beet sugar factory was opened 
on November 2, 1921, and is now in operation. Tt is owned by 
Home Grown Sugar, Ltd., with a eajiital of £7(XI,(K)0, part of which, 
as stated in a previous Report,has been guaranteed by the Britisli 
Government. The factory has been designed and the greater part 
of the machinery supplied by a French firm and the operations 
are under French supervision. It has a capacity of 600 tons of 
beets per day of 24 hours, and its output for a campaign is 8000 
tons of sugar, 3000 tons of dried beet pulp, and 1800 tons of molasses. 
On the first year’s working it is certain to make a heavy loss, for 
it is paying £4 a ton for roots, which will involve the expenditure 
of £19,000 more than the price obtainable for the sugar produced, 
and to this loss must be added all the manufacturing coats. The 
large capital which has been required owing to the high cost of 
erecting and equipping such a factory at the present time, will 
unfortimately continue to be a heavy burden even when the prices 
of beets, materials, and labour have found their economic level,, 
but the experiment will be watched with great interest, and if it 
succeeds there should be no difficulty in secuiang capital for later 
enterprises of a similar kind when the costs of building and equip¬ 
ment have become more favourable to success than they have 
been in this case. 

' Manufacture of Beet Sugar. 

< 

In a series of studies of the carbonatation process, V. Stanek 
has investigated several points of practical interest which deserve 

. « E.P. 156,800 ; J., 1921, 301a. 

E.P. 163,605; ./., 1921, 456a. 

“ Ann.:Bepts., 1919, 4, 390. 
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notice. By stirring the juice for about half an hour at 85° C. after 
the first carbonatation, instead of filtering it immediately, the 
quotient of purity of the juice was found to be appreciably improved; 
for example, with one jaice a purity of 94-1% was obtained, as 
compared with 93-3% by immediate filtration, and no detfimental 
effect was produced on the colour, alkalinity, or salt-content of 
the juice." The calcium salts of organic acids present in the juice 
or produced by decomposition of invert sugar, are not completely 
eliminated by carbonatation, and in order to obtain a clarified juice 
as free from calcium salts as po.ssible, Stanek^® proposes to treat 
the juice, preferably before the completion of carbonatation, with a 
small quantity of sodium carbonate or sulphite equivalent in amount 
to the calcium salts of organic acids present. In the ordinary 
carbonatation process calcium suljdiate present in the juice is 
removed much more completely than corresponds with its solu¬ 
bility in the juice ; this is po.ssibly duo to adsorption by the 
precipitated calcium carbonate or to the formation of insoluble 
double compounds with t)ie latter. The effect of the carbonatation 
]>roceas on the amino-acids present in Ix-et juice has also been 
investigated by Stanek." Solutions containing O-l % of asparagine, 
ii-spartic acid, glutamic acid, or leucine, together with 15% of 
sucrose, were treated with 2% of lime at 85° ( 1 . and subjected to 
carbonatation. This treatment removed 62% of the aspartic 
acid, 40% of the glutamic acid. 16% of the asparagine, and 6% of 
the leucine from solution, and by using 4% of lime instead of 2% 
still larger proportions of the amino-acids were precipitated, for 
example 80% of the as])artic acid. By treating the filtered juice 
from the first carbonatation with 0-2% of lime and again saturating 
further amounts the amino-acids were removed, viz., aspartic 
acid 14%, glut&mr.: acid 7%, asparagine 2%, and leucine 0-1%, 
but much better results were obtained by substituting sulphjt- 
ation for the second carbonatation, viz., aspartio acid 24%, glu¬ 
tamic acid 11%, asparagine 3%, and leucine 2%. Thus the re¬ 
moval of aspartic and glutamic acids is throughout more complete 
than that of asparagine and leucine. In order to eliminate aspara¬ 
gine as completely «.s possible from raw beet juice, therefore, it 
must be converted into aspartic acid, for which purpose prolonged 
contact of the juice with lime before saturation is advantageous. 
In a further communication ** the same author recommends a 
triple carbonatation for the treatment of juice’s from frozen or 
altered beets, which ar^ liableHo contain abnormally large amounts 
of invert sugar. 

** Z. Zuok^nd. 1918, 40, 417 ; J., 1920, 126a. 

Z, Zitckermd. Czechoelov., 1919, 44, 45, 53; X, 1920, 379a* 

“ Ibid., 1921, 48, 1: J., 1921, 783a. • 

" Z. Zuekemml. Czechoslov., f621, 4S, 45; J., 1921’, 863a. 

“ Ibid., 1920,46, 53; J., 1921, 190a. 
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Beyersclorfcr “ draws attention to tbo danger of destruction of 
sucrose associated with the practice of using the sweet water from 
the filter j>rcssca for the slaking of the lime employed for clari¬ 
fication ; owing to the heat developed on rfaking, as much as 6-15% 
or even more of the sucrose in the sweet water may be decomposed, 
the chief products being acetic and lactic acids, which, of course, 
increase the calcium content of the carbonated juice. 

In the filtration of carbonatation sludge in the usual presses, 
coarse particles tend to sink to the bottom of the filter chambers, 
and consequently the lower portion of the sludge cakes are more 
porous than the upper portion, and in washing the cakes the water 
passes more readily through this porous region than through the 
upper part, so that the sugar is removed unequally. To remedy 
this, A. Muller proposes to retard the flow of water through the 
lower part of the cakes by various alternative means, for example 
by employing extra thick filter cloths in the lower part of the press 
or by reducing the size of the perforations in the lower part of the 
iiudal plates. 

The po.ssibility of recovering some of the ammonia liberated 
from beet juice in the course of raw sugar manufacture is discusstid 
by several authors. Donath has suggested that in a factory 
slicing (iO(X) quintals (600 metric tons) of beets riaily as much as 
383 kg. of ammonium sulphate could be recovered per day from 
the clarification department alone. This estimate is shown by 
subsequent investigators to be many times too high. From ex¬ 
periments in a beet sugar factory, K. Andrlik and V. iSkola“ estimate 
that the amount of ammonia liberated during carbonatation 
represents about 0'0019%, of the weight of beets sliced, a further 
0-0058% is evolved during the subsequent heating of the juice, and 
t)-(X)74% is found in the condensed water drained from the multiple 
effect evaporators. In a practical trial it was found that the 
ammonia actually recoverable from the waste gases from the car¬ 
bonatation amounted only to about O-GOOVb*^ of the beets, and 
iSilhavy arrived at a very similar estimate, viz., 0-00073% corre¬ 
sponding to 4-38 lig. of ammonia or 16-9 kg. of ammonium sulphate 
per 6000 quintals of roots sliced ; whilst J. Hi'ada found that still 
smaller proportions, viz., 0-0002-0-0005%, were evolved from 
limed juicq maintained at 80'’-90° C. for 30-50 rains. It seems 
clear, therefore, that under practical conditions very little ammonia 

can be recoverect from the juice during clarification ; much larger 

(• 

X,. Ver. deulH. Zm-hriml, 1921, 73 ; J., 1921, 233a. 

“ U.l'. 332,579 ; J., 1921, 597a. 

Z. Ca-choalm., 1919, 44, (>1 ; 1920, 3,79a. 

. “ Ibid., 1924, 45, 179, 187, 19.5 ; J., 1921, 315a. 

“ Ibid., 1921,45, 155 ; J., 1921, 233a‘. 

Ibii., 1921, 46, 15(1. 
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amounts are liberated d>¥;ing the subsequent heating and evapor¬ 
ation of the juice, but their economical recovery is a problem 
which has not yet been solved. 

In the boiling of mags'ecuites from syrups of high purity, such 
as first-product beet syrup, M. von Wierusz-Kowalski‘“'proposes 
to centrifuge the massecuitc hot aftel- only a portion, for example 
40%, of the sugar has crystallised, and to subject the separated 
syrup to sulphitation before boiling further to grain. Owing to 
the lowering of the quotient of purity of the syrup, duo to the 
separation of part of the sugar, .sulphitation can be used with 
greater advantage since it may be canied farther than would be 
safe with the original syrup. K. Mozcr““ claims a 2 )roce.ss and 
ajrparatus for the draining of massecuites in the vacuum pan, 
especially suitable in cases where the sugar is to be remeltcd at 
once. The vacuum i)an has a screened outlet at the bottom for 
the molasses, and also means for introducing s 3 Tnii) or watei' for 
the cleansing or redissolving of the sugar. 

A reference to the subject of fine grain in beet molas.ses will be 
found above in the paragraphs dealing witli cane molasses. A 
e,omparative study of the Steffen lime process, the strontia process, 
anti a similar one involving the use of baryta, for the desachari- 
fication of beet molaB.ses has becn> carried out by M. Potvliet.“^ 
The precipitated saccharate was in each ca.se filtered, jnessed, 
washed with a solution of the respective alkaline-earth, and decom¬ 
posed by means of carbon dioxide. The washing involved loss of 
sugar in all eases, especially in the strontia proco.s8. The solution 
of the recovered sugar obtained after filtration of the carbonatation 
sludge from the strontia process was light straw' yellow in colour, 
that from the ba|yta process was slightly darker, whilst the juice 
from the Steffen ju-oci ss was very much darker, the relative colour 
values being 2-25,2-92, and S-CO respectively. The original molasses 
contained 48-5% of sucrose, and the yields of sugar obtained were : 
35-45% by lime, 43-18% by strontia, and 43-97% by baryta, and 
in the last two cases no trace of the respective alkaline-earth metals 
could bfe detected in the sugars. It is concluded that, apart from 
the cost of matori^s, the strontia and baryta jjroeesscs are more 
convenient and efficient than the Steffen lime process. The mother 
liquors from the two former processes can be concentrated to 42° B. 
without difficulty, and they then contain at least 12% of potash 
and 4% of nitrogen. Two new processes for -endering beet molasses 
edible may be briefly mentioned. In one proposed by H. C. Cutler“* 
the molasses is heated with hydrochloric acid to hivert a part of 

““ E.P. 137,849 ; J., 1921, 697a. 

““ 6.P. 339tl09 : J., 1921, 74.'!a. 

J. Ind. Eng. Chetm, 1921,13, 1041; 1921, 8C4a. 

“ E.P. 109,113 ; J., 1921, 783a. 
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the sucrose present and then subjected to dialysis in <jrder to remove 
the acid and the greater part of the salts’ present, after which it is 
boiled, filtered, and evaporated to the required consistency. The 
second process, patented by W. D. Bonner, consists in treating the 
diluted molasses with tartaric acid to remove potash, evaporating 
the filtered liquid to eliminate its unpleasant flavour, and treating 
the separated tartar with sulphuric acid to recover tartaric acid 
for further use, and potassium sulphate. 

Miscellanbotts. 

Sucrose .’— J. Beilly has investigated the products obtained by 
heating sucrose under reduced pressure. It appears that under 
these conditions some i-glucosan is formed, a result of interest in 
view of the fact that this compound is obtained from cellulose, 
starch, and dextrin by similar treatment.®^ The amount of 1-glu- 
cosan obtained from sucrose, however, is very small as compared 
with that obtained from cellulose etc. Since, according to the 
views of Pictet and Karrer,*® the Z-gluco.san obtained in these 
decompositions is derived from /S-glucose groups, it would seem 
that, provided the decompositions of sucrose and cellulose follow 
similar lines, the jS-glucosc structure is not present as a main 
grouping in the sucrose molecule. 

lactose .— J. GiUis has determined the solubility of lactose in 
water at various temperatures and finds that it ranges from 34-9% 
by weight of anhydrous lactose in the solution-at 57-1“ C. to 86-7% 
at 178-8° C. M. Bridel '* finds that emulsin hydrolyses lactose 
in alcoholic solution to dextrose and galactose, the latter being 
converted into ethyl-/S-galactoside. J. Tavroges, J. W. B.oche, 
and G. Martin*® claim a process of manufacture in which whey is 
freed from lactalbumin by means of a suitable colloid prior to 
recovery of the lactose ; thus the whey is heated to 70°-80° C. and 
treated with sodium thiosulphate, the negatively charged colloidal 
sulphur thus precipitated throwing down the positively charged 
albumin. 

Galactose. — E. P. Clark ** prepares this sugar by boiling a solution 
of lactose in times its weight of 2% sulphuric acid for 2 hours, 
the solution then being neutralised with barium carbonate, decanted 
through decolorising carbon and concentrated under reduced 
pressure untjl its weight is 1-1 times that of the lactose taken. 

*» U.S.P. 1,362,078 : J., 1921, 93a. 

•» J.. 1921, 249tj , 

" Atm. Septa., 1918, 3, 126. - 

™ Ann. Septa., 1920, 5, 135. 

« Sec. Trav. Chirn,, 1920, 39, 677 ; J., 1920, 829a. 

•* Comptea rend., 1921, 178, 601; J., 1921, 745a. 

. ■•* E.P. 161,881; J., 1921, 403a. 

*• J. Biol. Chem., i921, 47, 1 ; J., 192l‘, 696 a. 
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The warm syrdp^is treated with ethyl and methyl alcohols and 
seeded and left to crystallise. The crude sugar may be purified 
by acidifying a 25% aqueous solution with acetic acid, concen¬ 
trating and treating with 96% alcohol. 

Mannose. —P. M. Horton*’ prepares this sugar from irory nut 
shavings by a process in which the pmtdered material is first treated 
with sodium hydroxide and then hydrolysed with sulphuric acid; 
a yield of about 23% of fairly pure mannose is obtained. 

Mhamnose. —C. F. Walton, jun.,*» employs “ Lemon Flavin,” 
which is rich in quercetrin, for preparing rhamnose. The flavin is 
hydrolysed by boiling for 30 min. with 10 parts of 0-5% sulphuric 
acid, and the solution, filtered from the residue of quercetin, is 
neutralised with barium carbonate, decolorised, concentrated under 
reduced pressure to a solid-content of about 40%, treated with 3 
vols. of warm absolute alcohol, filtered and (^aicentrated to a solid- 
content of 70-80% ; the rhamnose crystallises on cooling the 
solution and may be recrystallised from 80% alcohol. A 20-26% 
yield is obtained. ^ 

Analysis of Sitoar-Products. 

There is perhaps no branch of chemical analysis which presents • 
more difficult problems than those encountered in the case of 
mixtures of several sugars or of sugars and other carbohydrates. 
The classic methods dependent on optical activity and reducing 
power before and after hydro'ysis or fermentation are quite satis¬ 
factory in many cases, but in others they do not give complete 
and accurate data. The schemes of analysis, based on these 
methods, for the analysis of mixtures, though satisfactory for two 
or three constitn^ts, generally involve such an accumulation of 
errors that thd fig'ires obtained for the remaining constituents are 
very untrustworthy. During the last few years, however, much 
progress has been made in the discovery and development of methods 
for the determination of individual sugars ; moreover, since some 
of these methods depend on principles or reactions altogether 
different’ from those involved in the older methods, the results 
obtained by the foijner methods serve as useful checks on those 
obtained by the latter. As will be seen from what follows, a great 
advance has been made in this direction in the past year. 

Optical Methods. 

V. Stanek ** confirms^the oMbervation of Bates and Jackson’* that 
the Herzfeld-gchonrock value, 34-657, for the [o]b’“ of a sucrose 

<" J. Ind. Eng. Chem., 1921, iq, 1040; J., 1921, 864a. 

•• J. Armr. Chem. Soc., 1921, 48. 127 ; J., 1921, 272Aj 

** E. Zuckerind. Ozecllbalov., >921, 46, 417 j J., 19qi, 711 a. 

’» Ann. Repls., 1917, 2, 392. 
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solution polarising 100° Ventzkc is too liigli. Bales and Jackson 
obtained the value, 34-620, and Stanek’s work" would appear to 
show that the value is still lower. In view of the extreme import¬ 
ance of this factor, further revision with,a view to obtaining an 
agreed figure is certainly necessary. 

The proposal to adopt a "new normal saeeharimctric weight of 
20 g. put forward by C. A. Browne” and others is opposed by a 
large majority of British chemists” on the grounds that the incon¬ 
venience, expense, and confusion caused by the change would 
outweigh any advantages. Further, the 26 00 g. normal weight 
adopted by the International (lommission for Uniform Methods 
of Sugar Analysis in 1900, insures greater accuracy of observation 
than can be attained with the smaller weight ])roj)osed. 

The work of Jackson and Oillis'-' on the det<-rmination of 
sucrose by the method of double iiolarisation and on the value 
of the (Jerget divisor has been the subject of controversy 
between these workers’-' and ('. A. Browne”’; it is doubtful if 
the last word has been written on the si^bjeet, and the (luestions 
must be left in dispute for the jtresent. From the work of 
Jackson and Gillis,’" 0. Hchrefeld,” and Browne and Gamble,’" 
it appears that the (Herget divisor, 132-66 at 29°G.. which is 
valid under the Herzfeld conditions of sucrose inversion, becomes 
133-0 under the Jackson-Gillis conditions of inversion. Browne 
and Gamble point out that the adoption of the latter divisor 
involves alteration in the foi mnla; used in the-analysis of mixtures 
of sucrose and raffinose. The percentages of sucrose, S, and 
raffinose, B, arc found from the formula; 

„ ^ n-,'-.i4 p—p> _ 0-;^;? v -^ p* 

‘ 0-844 ’ 

P'and P* being the direct and invert polarisations at 20“C. 

V. Sazavsky recommends the use of a 6% solution of tannin 
followed by basic lead acetate solution for clarifying raw beet 
products, and states that although commercial tannin is optically 
active, it is completely 2 )recipitated by basic lead acetate and 
thus introduces no error. It is said that tiolutions so treated 
require no further clarification after inversion. H. T. Kalshoven 

Ann. Repts., 4, Si)6. 

« J., 1921, 12oL 

Ann. Repts.., *i920, 6, 413. • 

Int. Sugar J., 1921, 23, 217, 445 ; X, 1921^ 361a, 671 a. 

Ibid., 1921, 23» 166, 276, 516 ; X, 1021, 271a, 443a, 745a. 
loc. cU. 

” Z. Ver. Zuckerind., 1920, 40^; X, 1921, 157a.* 

X Ind. Eng. Chem., 1921, 13, 793 ; r/., 19^1, 821 a. 

” Z: Zuckerind. (>zecJiodov., 1921, 45, 227 ; X, 1021, 44Ba. 
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and C. Sijimans 1“ find fSiat clarification with basic lead nitrate, 
followed by aluminium sulphate, is preferable to the use of basic 
lead acetate for Java cane molasses. 

According to J. Badi’cau " the rotatory power of mannitol is 
increased by arsenious acid especia^y in alkaline solution, and 
since the sugars in general are not affected by this reagent, 
mannitol, in admixture with sugars, may be determined by a 
process of double polarisation. 

Cop'per Hediiction Metlmls. 

llerzfeld's w-ell-known gravimetrii^ methiKl for determining 
small ju’oportions of invert sugar in jneseni’C of suitrose by means 
of Kehling's solution cannot be used when the ])roportion of 
iim-rt sugar is less than A sanijile of suci'ose containing 

()-05% of inveit sugar yields .50 mg, of (n)p))i5r under the Herzfeld 
conditions, and sucrose freed as completely as possible from 
invert sugai' yiekis 20 to 40 mg. of eopjier. The need of a more 
delicate method has b(vn felt by all who have had occasion to 
])urify sucrose, either for standardi.sation or for bacteriological 
])Uiposes, and several methods of cojijiei- induction designed for 
deCermining extremely small ])roportions of invert sugar have 
been de.scribed in recent years. Of these the latest is that due 
to A. Kraisy,"'' who uses a much moix' dilute solution than that 
of Kehling, and replaces the sodium hydroxide of the latter by 
sodium carbonate ; the aniomit of coppin reduced is found by. 
detcitnining the excess iodonmtricailly. Kiaisy found that whereas 
10 g. of ])urilicd sucrose yielded Sti-tJ nig. of cojiper from 
Fehling's solution, it gave only T;5-4-() mg. by his method, and 
he concluih'S th.-t^ii is thus ]>ossible to deteit as little as 0-002% 
of reducing si4!.'ii i i refined sugar. 

It is a well knoH ii fact that in the clarification of sugar jui«es 
with basic lead acetate a certain proportion of the reducing sugars 
is precipitated, ami the solution, freed from exce.ss of lead with 
sixlium oxalate, carbonate, or chloride, is found to contain less 
reducing" sugar than the original juice. According to J. B. 
Harris,** if the ex(»'ss of lead is removed by adding oxalic acid 
to the, liquid containing the lead precipitate, the acid decomposes 
the. insoluble compound of lead and reducing sugm-s, and the 
clarified solution contains the whole of the^ reducing sugars 
originally present. ^ 

»" Arch. tSuih-rmd. lieierl.-fndU, 1921. 29, 989; 1921, 863a; c/. 

Deorr, J., 19I5,,.')03. 

« J. Vhann. Chim., 1921, 24, 12 ; ,/., 1921, 597. 

“ Gf. Pellet, Ann. Rc.pts., 1917, 2, 398; Beyersdorier, Ann. Bepta., 
1920,5, 415; Bates, ibid, m ^ * 

** Z. Ver. dfiUs. Zuckerind., 1921, 123 ; J., 1921, 3115a. 

“ J. Ind. Eng. Ghcm., 1921, 18, 925; J., 1921, 783a. 



438 BEPOBTS OF THE PBOUKBSS OF, APPLIED CUEMISTBY. 

« 

It has long been known that Barfoed’s soluti.on may he used 
for detecting monoses in presence of lactose or maltose, since, 
under certain conditions, it reduces the former but not the latter 
sugars. .Attempts to employ this reage'it quantitatively have 
not been very successful iq the past, but according to L. Le 
Grand," it gives accurate results under the following conditions :— 
5 c.c. of the sugar solution, containing not more than 0-1 g. 
of sugar, is boiled with 15 c.c. of Barfoed’s solution for 3 minute 
in a conical flask. The amount of cuprous oxide obtained is a 
measure of the amount of hexose; and if the total reducing 
sugars are determined with Fehling’s solution, the amount of 
lactose or maltose is found by difference. The method should 
prove a most useful aid in the analysis of complex mixtures of 
sugars. 

C. A. Browne " proposes an expeditious method for converting 
the cuprous oxide obtained in gravimetric determinations of 
reducing sugars to metal; the crucible containing the oxide is 
heated to dull redness and plunged intu the vapour of methyl 
alcohol. 

loiomdric AfelhodJ'’ , 

This method for estimating aldose sugars, which depends on 
the oxidation of the sugar to the corresponding monocarboxylic 
acid, has been much investigated during the past few years, but 
it is only recently that the degree of accuracy attainable has 
been fully explored by H. M. Judd** and by J. L. Baker and 
H. F. E. Hulton.** The procedure adopted by these chemists 
consists in treating a solution of 0-1 g. of the sugar in 10 c.c. of 
water with 20 c.c. of A/10 iodine, and then with 30 c.e. of A/10 
sodium hydroxide, the mixture being allowfed to stand for 
3-{> minutes, after which it is acidified with sulphuric acid 
and the excess of iodine titrated with A/lO thiosulphate. The 
reaction is not strictly quantitative, and carbohydrate other 
than aldoses show “ iodine absorptions ” which must be taken 
into account in analysing mixtures of aldoses and other sugars. 
Baker and Hulton have, determined the, weights of iodine 
equivalent to 1 g. of the more important' sugars under the 
prescribed conditions. Although the method is limited in its 
application 'to commercial products, owing to the fact that 
organic non-sugar substances absorb iodine in some oases, it is 
of considerable utility in the examination of products such as 

*‘ Comptes rend., 1921, 172, 602; J., 1921, 272a. An^. Fahit., 1921, 
14 , 132, 264 ; J., 1921, 666a, 783a. 

«« J. Asaoe. Off. Agric. Chem., 1919, 8, 261; J., 1920, «29a. 

•’Ann. 1917, 2,394. , • 

Biochem. J.. ifcO, 14, 266 ; J., 1920, 668a. 

•* Ibid., 1920,14, 764 ; J., 1921, 361a. 
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honey, which contain a lafge proportion of aldose, and of mixtures 
of pure or nearly pure sugars. 

Miscellaneous. 

G. Van B. Gilmourproposes to* utilise the observation that 
tovulose combines with boric acid to form a stronger acid, for 
the estimation of this sugar in invert sugar etc., a weighed 
quantity of the sample in M /lO boric acid solution being titrated 
with NjlO sodium hydroxide. Gilmour gives figures showing 
the relation between quantities of Isevulosc and volumes of alkali 
solution. The method appears to mark an entirely new 
departure in sugar analysis, and, like the iodometric method for 
aldoses, it may prove a useful aid in the analysis of complex 
mixtures of sugars. • 

A. Jonescu and V. Vargolici“ recommend alkaline ferricyanido 
solution for determining reducing sugars. Thus, 10 c.c. of a 
solution containing 46 ^g. each of potassium ferricyanide and 
potassium hydroxide is diluted with 20 c.c. of water and heated 
to boiling, the sugar solution being added until dccolorisation 
oc9urs. If the sugar solution is coloured, 10 drops of 1% picric 
acid are added as indicator. Ten etc. of the ferricyanide solution 
is equivalent to 10 c.c. of 0-5% dextrose solution. 

Bruhnspoints out that artificial honeys prepared by the acid 
hydrolysis of sucrose contain dextrinous substances which are only 
partially hydrolysed under Clerget conditions, so that the total 
solids often amount to more than the sum of the reducing 

sugar and “ sucrose ” found by the (llerget medhod. If, however, 
a 1% solution ofithe honey in O OfiiV hydnxjhloric acid is heated 
in a boiling wab*-oath the dextrinous substances are completely 
hydrolysed in the course of a few hours, and if the heating is epn- 
tinued until the maximum reducing power is attained and a cor¬ 
rection is made for the destruction of Isevulose during heating, the 
reducing sugar content so obtained agrees to within 0-6% of the 
total solid content. Bruhns also observes that partial hydrolysis 
of honey dextrine i^ the Clerget process may account for the small 
amounts of “ sucrose ’ frequently supposed to be present in genuine 
honeys. Bruhns’ opinion is supported by the writers’ experience 
according to w'hicR the dextrin isolated from genuine honeys 
undergoes some decrease in rotatory pow'r when subjected to 
Clerget hydrolysis. AccordAug to Bakker, *who used JoUes’ 
method for dotermBiing sucrose, honey does not contain more 
• 

•» Analyst, 1921, 46, 3; J., 1921, 12Sa. 

“ Bui. Soc.VUm. Romania, 1920, 2, 38; J., 1920, 839a. 

« Chem.-Zeit., 1921,46, 661.; J., 1921, 633a. . 
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than 1% of sucrose, and it is possible td detect <the addition of as 
little as 2% of sucrose to genuine honey*; even if the bees are fed 
on sucrose, practically the whole of tlv^ latter undergoes trans- 
formatiqn. This question of sucrose in Honey is important since 
the presence of more than a sijiall proportion is indicative of spurious 
or adulterated honey. Unfortunately there is some divergence of 
opinion as to the maximum amount of sucrose in genuine honey, 
and it seems unlikely that the limit can be fixed so low as that 
found by Baklier since much ev'idence of the occurrence of genuine 
honeys of considerably higher sucrose-content has been adduced. 
There certainly aiipears to be reason for further investigation of 
the question. Genuine honeys which appear to contain more than, 
say, 1 or 2% of sucrose when tested either polarimetrically or by 
copper reduction before and after inversion should be tested by 
Jolles’ method or by the iodomctric methoil before and after 
inversion. 

A committee of German chemists and manufacturers of arti¬ 
ficial honey has proposed the following with regard to this comes¬ 
tible. Artificial honey must be of good keej)ing qualities, contain 
not more than 0-3% of ash, and possess a honey-like aroma. The 
acids used for inversion must be technically pure and free from 
substances injurious to health’, and the free acidity of the product 
must not exceed 2 mg. equivalent to 100 g. of honey. The dry 
substance-content must bn at least 78% and the content of un¬ 
changed sucrose must not exceed Starch syrup and starch 

sugar, provided that they are of good edible quality, may be added 
to the extent of 20%. The artificial honey must be so prepared 
as to give h'iehe's reaction strongly ; addition of genuine honey 
for flavouring is permissible. Further, the honqy must be vended 
in correctly labelled packages. 

For determining the dry substance in artificial honey, V. Stanek 
and J. Vondrak*® recommend (1) the refractometric method applied 
to the undiluted material previously warmed if necessary to dissolve 
crystals, or (2) the following method ; The sp. gr. of a mixture 
of the sample with an equal weight of water (in degrees Balling) is 
corrected for temperature if necessary, and thpn multiplied by 2, 
and from the product 0-7'’ is subtracted to allow for the effect of 
contraction on dilution. 

G. L. Spencer has devisexl an electric oven for the rapid deter¬ 
mination of watenin bagasse etc. A^current of air, drawn through 
the oven by a vacuum pump, is first heated by an electrical resist¬ 
ance and then passes into the drying chamber, the bottom of 
which is provided with an annular channel. The material to be 

A. Beythien, Chem.-Zeit., 1921, 45, )02fi. • 

Z,' Zuckerind. (jzechoshv.f 1921, 45, 203 ; J., 1921, 402a. 

« U.SiP. 1,348,767; J. Ind. Eng. Chem., 1921, 18, 70; J., 1921, 191a. 
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dried is placed m.mctal tSipsulcs, the hottenis of which are made 
of Monel metal filter cloth* The capsules fit tightly into openings 
in the channel which is cpnnccted with the vacuum pump. With 
this oven bagasse can be dried in 30 mins, and raw sugar in 10 mins. ; 
whilst according to (1. P. Meade "the dry substanee of honey, 
syrup, and molasses may be accurately determined by absorbing 
the diluted (1:1) material in fine asbestos and heating for 20 mins, 
in the oven at 110° (*. in a strong current of air. For puiposes of 
factory control the ov'cn should prove (>xtremely useful. 

To remove air from molasses in determining the sj)eeific gravity 
of the latter pycnometrieally, W Jl. AWkirk" attaches a bulb, 
provided with a stopcock, to the 7 )ycnometer. The ])ycnom<^tcr 
having been completely and th(^ bulb ])artly tilled «ith the molasses, 
the apparatus is placed under redueed pressure, and v\hen bubbles 
of air no longer collect in the bulb, the pyenoiheter is diseonneeted, 
stoppered, and weighed. 

For the (hderminafion of ])otash, e.y., in molasses, F. RherrilP'’" 
describes a method aee(yding to which the potassium is precipi¬ 
tated as cobaltinitrite in a (s-ntrifuge tube ; the volume of the 
precipitate, after centrifuging, is com))ared with that obtained 
frofn a standard solution of potassium ehloi'ide tiiidir similar 
conditions. 

STAKdr, iNriLIN, ETC'. 

<S7(irc7(.-—During the past j'ear a large amount of resc-areh has been 
carried out on the nature of starch, and although there remains a 
wide divc'rgencc of opinion as to the constitution of the starch 
complex, very great juogress has been made. In particular the 
U'ork of Karrer aaci his colleagues, referred to below, apjeears to 
throw much liglu' 'i, this very dillicult jcroblem. 

Tlie gelatinisaticm of starch by caustic alkali is rapid, even at 
the ordinary temperature, but A. Reyehlerstates.that if a solutfon 
of alkali hydroxide of about O-l.'in mol. per litre concentration is 
used, gelatinisation is slow enough for convenient okservation 
under the microscope. Acids and some neutral salts in concen¬ 
trated solution excjt a similar action, but sulphates show the 
reverse effccct; thits sodium, ammonium, and magnesium sulphates 
cause, within a few minutes, complete coagulation of a starch 
paste which, without such addition, would only be partially coagu¬ 
lated in 10 or 12 days, (lourtonne^-also finds tltat at the ordinary 
temperature solutions of c<»itain chlorides cc*ivcrt starch into 

»« J. Ind. Kng. C'Ikiii., 1921, 18, 924 ; J., 1921, 78;)a. 

U.S. Bureau of Standards Technol. Paper No. 101, 1920 ; J., 1920, 

829a. 

J. Ind. Eng. Clunn^ 1921, 18, 227 ; 1921, 281a. 

BvU. Sog. Chim. Belg., 1950, 29, 118, 309 ; 7.,4921, 402a, 444a. 

>“ Comptes rend., 1921, 171, 1168 ; J., 1921, 55a; J., 1905, §30. 
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paste, and at 116° C. convert the latter ihto soluWe starch, a satur¬ 
ated solution of magnesium chloride heing the most effective. 
Reychler's microscopical observations, lead him to support 
Maquenne’s view that starch is composed of the two substances 
amylocellulose or amylose a^d amylopectin. Maquenne’s theory is 
also supported by M. Samcc and H. Haerdtl‘““ who state that starch 
can be separated by electro-dialysis into a highly viscous and electro¬ 
conducting fraction, amylopectin, and a non-viscous and non¬ 
conducting fraction, amylose; the proportion between these 
constituents varies with different starches. The same workers find 
that all starches contain phosphorus, the amount of which ranges 
from 0-012% in tapioca to 0-112% in potato starch, and they assign 
mean molecular weights to various starches which range between 
the enormously high figures of 77,600 for maize starch to 260,000 
for maranta starch. 'Such values would seem to render the problem 
of the constitution of starch quite hopeless, but according to Karrcr 
and his colleagues'"* the true starch molecule is by no means so 
unwieldy. Thus, it is pointed out in the .first place that estimates 
of the molecular weight of starch based on the properties of its 
colloidal solutions must necessarily be far too high since such 
solutions are not solutions of individual molecules but of molecular 
aggregates. To arrive at a true value for the molecular weight it 
is necessary to prepare starch derivatives which yield true solu. 
tions. Karrer and his colleagues have succeeded in this, preparing 
three methylostarches, of which the most highly methylated, 
CaHgOalOCHsla, forms a true aqueous solution with a molecular 
weight of 1200 at most, and it is concluded that the starch molecule 
contains not more than 6 dextrose residues. The number may well 
be less, and further work indicates that starcli is a polymerised 
a-diamylose (maltose anhydride). Again, starch resembles the amyl- 
oses of Schardinger""* and Pringshoim'"* (not to be confounded with 
Maquenne’s amylose) in yielding acetobromomaltose when treated 
with acetyl bromide, and the heats of combustion of starch and 
these amyloses indicate that whilst a-octoamylose is the highest 
polymeric form of a-amylose possible, starch is probably a member 
of a series of products isomeric with the a-awyloses and possibly 
corresponding with a-tetra-amylose or ^-hexa-amylose. 

According to H. Tryller,'"’ starch is present, in the potato in the 
form of the potassium salt of starch-phosphoric acid ; in the process 
of manufacture, jiowever, the potassium is replaced or partially 

KoU. Chem. BeihefU, 1920, 12, 281 • J., 19C1, 272a. 

>»* Heh. Ghim. Acta, 1920, 8, 620; 1921, 4, 169, 185,. 263, 678 ; J., 
1920, 796a ; 1921, 361a, 784a. 

J., 1909, 163; 1911,439. 

“• PringsheiiA and Langhans, J., 191)!, 1001.; Pringaheim and Eissier, 
J., 1913, 986. 

"" Ghm-ZeU., 1920, 44, 833 ; J., 1920, 829a. 
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replaced by calcium (atid ft) some extent by magnesium, iron, and 
manganese) derived from the water used for washing the starch. 

E. Herzfcld and E. Klingerpropose a method for preparing 
various polysaccharides from plant tissues which involves prelim¬ 
inary treatment with warm sodium .hydroxide solution; it is 
claimed that this treatment effects the degradation of various 
impurities to products which are soluble in alcohol. Thus the 
preparation of starch is as follows : Fresh potato pulp or starch 
meal made to a paste with water is heated with 33% solution of 
sodium hydroxide on the water-bath, the alkali being added 
gradually until the bulk of the material has been converted into a 
transparent, mucilaginous mass. 'J'liis is strongly^ centrifuged to 
remove insoluble matter, the clear, viscid liquid then being warmed 
and treated with small quantities of !)0% alcohol until no more 
precipitate is thrown down ; the bulk of the proteid matter, lipoids, 
etc. remains dissolved in the alkaline alcoholic liquor. The pre¬ 
cipitate is redissolved and precipitated three times and finally 
redissolved, neutralised with hydrochloric acid, and precipitated 
with alcohol. The method is adversely criticised by M. Sarnec,*®' 
whg states that the alkaline treatment leads to an amylopectin 
product more or lc.ss deficient in amyloscs, or to disintegration 
products unlike the original starch 

According to a process for the manufacture of otarch from potatoes 
claimed by H. Wertheim and Nyitraer Starke-Industric-A.-G.,“'> 
the potato pulp, freed from juice as far as possible, is treated with 
the minimum amount of water to remove the remaining extractive 
matter, the standi being finally washed out with water in the usual 
way. It is stated Uiat the process allows of the complete recovery 
of all valuable, cct . ■ tuents and avoids the difficulties of deahng 
with waste waters. K. H. Harvey'** claims a process for modifying 
starch in which the material is subjected to the action of an electric 
current in a condiicting bath until it has been converted into 
soluble starch. 

H. Luhrig**^ finds that in Ewer’s polarimetric method for deter¬ 
mining starch slight alterations in the concentration of the acid 
used do not affect 4110 accuracy of the results, but the prescribed 
time of heating should not be exceeded. 

E. Horton **’* findk that the method of determining starch by 
hydrolysis with taka-diastase is not satisfactory) different prepar¬ 
ations of the enzyme from AsjtcrgiUm oryzee giving widely divergent 
• 

Biochem, Zeits., 1920,107, 268; J., 1921, 784a. 

*”* Biochem. Zeits., 1921,118, 25.5. 

**» G.P. 331,878 ; J., 1921, 403a. 

*** U.S.P. 1,366,653; «!., 192J, 234a. 

*" Pharm. ientralh., 1921, 62 , 141; J., 1921, 27?a ; J., 1908, 238. 

"> J. Agrie. Sci., 1921, U, 240; J., 1921, 745a. 
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results. This difficulty may be ovcivome by making control 
analyses of pure starch with each preparation of the enzyme before 
and during the period of its use. 

Derlrins .—According to J. (*. Blake,"' erythrodextrin is best 
prepared from dextrins whkJi an^ of low amylodcxtrin-contcnt. 
The dextrin solution is treated with dilute alcohol to precipitate 
amylodextrin, and the erythrodextiin is sejiarated as a heavy 
liquid by adding more alcohol. On tieating this liquid with 
ammonium sulphate, the erythrodextrin sejiarates in a .state of 
high i)ui'ity. 

A recent process proposed by Z('llstolf-fabr. Waldhof and V. 
Hottenroth"® for the manufacture of sugar and dextrin consists 
in treating wood or fdher cellulosic material with suljffiuric acid in 
quantity and of concentration insufficient to dissolve the cellulose. 
The mixture is allowed to .stand for some time, then diluted with 
water and boiled. Thus, 1 kg. of sawdust re(iuires 1 litre of 75% 
acid, and after standing some hours 14 litres of water is added ; 
the lignin remains undi.ssolved and the. (lextiin in the solution is 
converted into sugar by boiling. The whole of the acid, if the 
dextrin is required as such, or the excess of acid above that required 
for converting the dextrin into sugar, is removed by dialysis; or 
it may be precipitated as calcium suliffiate. 

Innliii. —In view of the potential economic inqxiitance of inulin 
as a source of alcohol for pf)wer juniKcses, the ehemisti'y of this 
carbohydrate is of special interest. As long ago as 18(17 Du- 
brunfaut"® observed that during winter the inulin present in arti¬ 
choke tubers is transformed into sucrose and an optically inactive, 
non-cry.stallisable sugar. Dubrunfaut.'s observation is partially 
confirmed by H. t'oliii,'" whose ex]>eriments lead to the conclusion 
that during winti-r part of the inulin in the tulx-r is transformed into 
su(fro.se w'hilst the remainder undergoes ]iidgressivo degradation 
to laevorotatory substances—la?vulosans—of less linvorotatory 
power than inulin. These loevulo.sans, unlike imllin, are hydrolysed 
by invertaso and hanientcd by yeast. Phenomena, essentially the 
same as the above, occur during tlu! winter months in chicory roots. 
The laevulosans are obviou.sly identical with tke inulides described 
by J. Wolff and B. (leslin."“ C'olin ""also finds that dextrorotatory 
carbohydrates, elaborated in the leaves, serve for the synthesis 
of inulin in the artichoke, this synthesis beginning in the stem and 
being completed in the tubers ; the inulin-content of the fully- 
grown tuber does not begin to dimhiish until November. 

Atmr. Chem. Soc., 1020, 42. 2072 ; J,, 1021, 92a. ^ 

G.P. 209,150, 310,149, 210,150, 340,212 ; J., 1920, 204a ; 1921, 860a. 

Comptes rend.f 1867, 64, 764. * . 

• Ibid., 1918,'160, 305, 

Ibid., 1917,166, 651: 1918,186, 429 ; J., 1917, 1286^; 1918, 220a. 

“• Bull. Assoc. Chim. Suer., 1919, 37, 121; J., 1920, 246a, 



445 


SUOAKs'f STAIU'HEM, AND (JDMS. 

One of the nfosf valuatJe eoutributions to the eliemistry of the 
carbohydrates for some years is that of .1. ('. Irvine and E. S. 
Steele,'™ whose work throws much light on the constitution of 
inulin. These authors find that inulin (OeHioOs),, can be succes¬ 
sively methylabid to di- and triniethylinulin ; since tlfc latter 
represents the limit of mcthylation, it’appears that inulin contains 
throe hydroxyl groups in each ('oHkiOj unit, Triniethylinulin, on 
hydrolysis, yields trimethyl- 7 -fructose, and the latter can be con¬ 
verted into tetramethyl- 7 -fructose identical vith the tetraraethyl- 
fructosc obtained by the hydrolysis of oetamcthylsuorose. Hence 
sucrose and inulin are in close structural relationship, and, from 
the uniformity of the ])roduets obtained in the various reactions, 
it is concluded that inulin is an aggregate of 7 -fructose residues, 
each ketone molecule haiing lost two hydroxyl groups in the 
formation of the polysaeehaiide. • 

The above conclusions are su])])ortcd by the observations of 
E. Hour'nuelot and M. liridel'-' on the action of imilase on inulin, 
and by the work of H. J’ling.sheiin and A. Aronowsky'-- on tri- 
acetylinulin. 

A. Daniel has patented a jirocess for obtaining inulin and 
licrmlose from plant, juices in which the raw material, (.(/., dahlia 
tubers, is heated iiith strong alkalis, tlu' foreign matter being 
thei'eby preeijiitate-d or' eonverb'd into an innocuous form. , 

’=» ('him. Sor. 'I'rimx.. HtiO, 117, 1174 ; 1!)21. ttttA. 

K' nm!., 172. !W(>; ■/.. 1021, lUl'A. 

/(«<■.. I!I2I. 54. Il’Sl : .7.. II»2I, y2:)\. 
ft.p. ;ii:t,!»K(t; ./., n»2i), :!7 a. 
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FEEMENTATION INDUSTRIES. 


By Abthto Slatob, Ph.B., D.Sc., F.I.C. 


Sevebal matters of general interest to the fermentation industries 
have occurred during the year under review. With the official 
termination of the war on September 1st a large measure of decon¬ 
trol of the brewing industry came into efiect. Beers no longer 
have to conform to au arbitrary average gravity, and this relaxation 
is a very welcome one. It is, however, hardly likely to cause any 
great increase in the average strength of beers, for the heavy tax 
of £5 per standard barrel still remains. The stoppage of the supply 
of coal in the early summer increased the importance of using fuel 
to its utmost advantage, and favoured the introduction of oil for 
heating purposes. The Institute of Brewing research scheme 
includes a systematic investigation of hops, and already some 
reports on the subject have been published. Timber for cask- 
making is also receiving attention, and the literature dealing with 
the evaluation of barley is being collected. A new section of the 
Institute has been formed at Burton-on-Trent. 

An interesting account of the reconstruction of the brewing 
industry of Northern France is given by E. Boullanger and H. 
Lloyd Hind.* Since the last report was written some important 
lectures on matters concerning these industries have been delivered. 
A.Chaston Chapman took as his subject for three Cantor Lectures, 
“ Industrial Micro-biology,” and gave a very able account of the 
technical uses of micro-organisms. 

A tribute to the fundamental work and charming personality 
of the late Prof. Adrian J. Brown is paid by Prof. H. E. Armstrong* 
in a memorial lecture delivered to the Institute of Brewing. Many. 
matters of interest relating to fermentation chemistry are discussed, 
and although general agreement with all the arguments brought 
forward is unlikely, there is much in the lecture to stimulate thought 
and consideration. 

Chemistey. 

This section of the report deals with the chomistly of enzymes 
ai^d fermentation. 

•» J. Jna. Brew., 1921, 27, 64. 

> J. IjMl. Brew., 1921,27, 197. 
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General Enzymes. 

Many attempts are beimg made at the present time to obtain 
information regarding the constitution of enzymes. 

T. Bokorny “ has investigated the action of nitrous acid on enzyme 
preparations. Nitrogen is liberated, indicating the presence of 
amino-groups. From pepsin he obtained nitrogen corresponding 
to 3'16% of amide nitrogen, and similar amounts were found 
with emulsin, rennet, and egg-albumin. Sulphurous acid, which 
is toxic to living organisms, he found no more poisonous to enzymes 
than sulphuric acid. The presence of free aldehyde groups in 
living protoplasm and not in the enzyme is advanced as an 
explanation. E. Rona* is also of the opinion that enzymes do not 
possess aldehydic properties. In experiments with pepsin, trypsin, 
amylase, emulsin, invertase, and maltase, he finds that reagents 
which would condense with an aldehyde group, do not generally 
render the enzyme inactive jnovided that the acidity of the medium 
is suitably adjusted. F. Battelli and L. Stem'’ give further reasons 
for supposing that oxidisipg and reducing enzymes are identical. 

The influence of pressure on the activity of pepsin, trypsin, and 
dnstase has been studied by S. Frankel and G. Meldolesi. “ Pressure 
usuiflly increases the rate, but the effect diminishes eventually. 

R. WiUstatter and A. Stoll’ in 1918*endeavoured to prepare pure 
specimens of the enzyme peroxydase using the material obtained 
from horseradish. In another communication* a modified method 
of preparing the extract is described. The peroxydase is found 
to be almost completely adsorbed by aluminium hydroxide in 
•50% alcohol, and the greater part of the enzyme is liberated by 
agitating the adsorption product with an aqueous solution of 
carbon dioxide. 3^' making use of this property a very active 
preparation is dblauicd from horseradish. This line of research 
is being developed with other eirzymes and pronri.ses to give impor¬ 
tant results as to the constitution of enzymes and what is responsible 
for enzymatic activity. 

Amylase. 

W. Biedermarm* contributes two important lengthy papers on 
diastase. He considers that this errzyme corrsists of a thermolabile 
zymogen and a thermostable co-enzyme such as an inorgairio salt. 
The two can be separated by dialysis though difficulty* was found 
in rendering diastase solutions completely inactive by this process. 

’ Allg. Brau- u. Hopfaizeit., 19*0, 795 ; 1921, 121 j /, 1921, 273a, SBBa. 

• Biochem. ZeUs., 1920,*109, 279 ; J., 1921, 22a. 

* Chem. Zrnitr., 1921, 92 , 1., 332; J., 1921, 273a. 

• Biochem. Zeiia., 1921,115, 85 ; J., 1921, 273a. 

^ Annalen, 19l8, 416, 21 j J. Chem. A’oe., 1918, i., 665. , 

* R. Willsttdtter and M. %onne?, Annalen, 1921, 422m47 ; J 1921, 125a. 

» FermentJorM., 1920-1, 4, 268, 369; J., 1921, 403a, 623a. 
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Many salts were found to activate thfi laizyme,' sodium chloride 
proving specially efficient. This author previously held the opinion 
that saliva ash is capable of autolysin^ starch. Others have not 
been able to repeat his experiments and ,W. Teschendorf'" ascribes 
the autolysis to infection by bacteria. Biedermann now abandons 
the view, and considers that starch grains contain traces of diastase 
which are not destroyed in the preparation of the starch. Saliva 
ash, when added to the starch solution containing traces of enzyme, 
activates the enzyme and causes the hydrolysis of the starch. 
By a process of repeated precipitation Biedermann obtains from 
saliva a substance which he names saliva-albuinose. This substance 
he considers to be the organic zymogen of diastase. It is inactive 
in aqueous solution, but in the presence of sodium chloride possesses 
diastatic projjerties as great as the saliva from which it was prepared. 

J. L. Baker and >11. F. E. Hulton" find that ungerminated rj'e 
amylase liquefies potato-starch paste at 50° C. and yields maltose 
and a-amylo-dextrin (R T5 ; [a.],, — 184-1°). Barley amylase acts 
in a similar manner. The amylase of germinated rye under the 
same conditions gives an unfernientable reducing dextrin (R 10-8; 
[tt]„ — 181-9°) and maltose. There is no production of intermediate 
degradable malto-dextrins such as are formed by the aetk-n of 
malt qmylasc on starch. 

Rldzojnis tritici is a fungus responsible for large losses of sweet 
potatoes and other vegetables under storage conditions. L. L. 
Harter'* has examined the powdered mycelium of the organism 
and found it to contain an active diastatic enzyme. 

A jiapcr by H. von Euler and 0. Svanberg'" is of interest in 
comiexion with estimation of diastatic power. The initial stage 
of the action of amylase on a solution of soluble starch is an 
unimolecular reaction, and the constant of the reaction can be 
used to measure the activity of the enzyme preiiaration. The 
constant K is- multiplied by the amount of maltose produced, 
and the product divided by the amount of enzyme used. This 
gives a figure (Sf) which characterises the. activity of the amylase 
solution. The authors recommend that the estimation- be made 
at 37° C. and the acidity of the solution b/s p„--=5. By calcula¬ 
tion they find 1000 Lintncr units=26Sf. A similar equation 
has been worked out by these authors to estimate the activity 
of invertasc preparations.'" 

H. Olsson'" invastigated the effect of silver nitrate and aniline 
on a preparatidn of amylase. A. concentration 2xlO"W silver 
IM., 1920, 4, 184; J. In.it. Brew., 1921, 27, 484. 

U cLm. Soc. Trane., 1921, U9, SO."); J., 1921, ,5!>fiA. ' 

'* J. Agric. Eee., 1921, 20, 761 ; J.Jnst. Brew., 1921, 27, 266. 

'» Z. phyeiol. Chem., 1921, U2, 193 ; J., 1,921, 483a. 

'* Ann. iJejjfa., J920, 423. 

“ Z. physiol. Chem., 1921, 114, -H : J., 1921, 483a. ' 
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nitrate or of O-f/iiV aniline reduces the activity to one half. 
W. Windiscii,”' oominontiry; on the great effect of salts of heavy 
metals on the activity of amylase, points out that this effect is 
not likely to occur in tjie mash tub, for proteins and salts are 
in’csent in abundance. Tlu'so would precipitate the metal and 
render it inactive. ' 

M. Samee and A. Mayer*’ show that formaldehyde docs not 
effect a dcgrailation of starch at the ordinary temperature but 
converts it into a loose compound ndiich is not coloured by 
iodine. 


Iiiverla e. 

Most yeasts of technical importance contain invertase, and 
the enzyme is pre.scnt in other miero-orga.nism.s. 

H. von Euler** gives the iclativc activity of the enzyme in four 
oi'gani.sms as follows :—Bottom fermentation yeast 100, top 
fermentation yeast 00, PenicUlium (jlaucnm 10, 
nige.r 2. • 

Invertase preparations can be made from yeast, and sevwal 
communications by H. von Euler and 0. Bvardawg** on the 
properties of such preparations have a])])eared of late. 

Silver and mercury salts have a strong inhibiting effect on the 
enzyme, but the activity (tf the enzy?ne can be restored by pre¬ 
cipitating the metal with h>'drogen sulphide The possibility 
of an -SH group in invertase is suggested. Aniline also renders the 
enzyme inactive, but the activity can be wholly restored by 
dialysis. In the ease of poisoning by silver and mercury the 
activity can only be partly restored by this process. Analyses 
of highly activj' ]/(jiarations of invertase' obtained by dialysis 
show' the presence of jdiosphorus, and the activity of the 
preparation was found to be approximately proportional to the 
amount of phosphorus present.*" A dried invertase irreiraration 
gave 0-]6% P, l-27’% N, 91'5% hexoses. 

R. Willstiitter and F. Radio** contribute an important paper on 
invertase obtained fi'om yeast. These authors use a new method 
of jireparation simij*r to that employed in Isolating peroxydase. 
They make use of the fact that the enzyme Is adsorbed by 
aluminium hydroxido,and by kaolin. They succeeded in obtaining 
highly-purified specimens, more active than any sixfar obtained and 
free from albuminoids and yiast gum. 

Woch. Brau., 1921, Is, lOS. 

>’ Koll.-CheM. Beih., 1920,18, 165 ; J. Chen Soc., 1921,120, i., 400. 

“ Ferment/orsch., 1921, 3, 242., 

“ Ibid., 1920,*4, 29, 90,142 ; J., 1921, 483a. 

“ Z. physiol. Ohem., 19'Sl, XIZ 282 ; J., 1921, 482ji. 

** Anrmlm, ftl21, 426, 1.: J. Chem. Soc., 1921,120, i., 823. , 



450 


BEPOBTS OF THE PEOQRESS O.F iPPLIED CHEMTSTRY. 


Maltose. 

Maltase is an enzyme which is specially sensitive to acids. 
R. Willstatter, T. Oppcnheimcr, and W. Steibelt “ find that the 
enz 3 rme' can be extracted from fresh yeast in the presence of 
toluene if precautions are taken to keep the solution neutral. The 
continual addition of small amounts of 1 % ammonia is one method 
of ensuring this neutrality. Another method which gives satis¬ 
factory results is to carry out the extraction in the presence of 
magnesium carbonate. The velocity of hydrolysis of maltase 
in solutions p,i=6-6 w'as found to bo proportional to the con¬ 
centration of the enzyme present. R. Willstatter and W. SteibeW 
find that the well-known toxic action of chloroform on maltase 
can be prev'ented by the addition of a suitable phosphate mixture 
to maintain the favourable alkalinity. This con rms the conclusions 
of W. A. Davis,who attributed the toxic action of chloroform 
on maltase prepared from plants to the presence of traces of acid 
or alkali. 


CarboUgase. 

This is the name given to the enzyme of yeast which is shown 
by C.Neuberg and J.Hirsch’’®' to cause condensations of the benzoin 
type. If benzaldelydc is added to a solution of sugar which is 
undergoing alcoholic fermentation by yeast, a hydroxyketone 
CeHii'CO CHOH'CHs is formed. This is attributed to the inter¬ 
action of benzaldehyde and pyruvic acid, the latter being an 
intermediate compound in alcoholic fermentation. Yeast acts on 
the two aldehydes producing the same substance, but in the absence 
of yeast no reaction takes place. 

Fermmtation. 

The chemical mechanism of alcoholic fermentation is still 
attracting attention, and further evidence of the intermediate 
formation of pyruvic acid and acetaldehyde is forthcoming. 
C. Neuberg and E. Reinfurth use a new reagent to “fix” the 
acetaldehyde formed as an intermediate- compound during 
fermentation. Dimethylhydroresorcinol readily forms condensation 
products vlith aldehydes, and if fermentation is carried out in 
Ihe presence of this substance, the insoluble condensation product 
settles out with the yeast. The amount of aldehyde “ fixed ” 
by this method is less than that “ fixed ” by a sulphite. 

» Z. physiol. Chem., 1920, HO, 232 ; J. Inst. Brew., 1921, 87. 193. 

»» Ibid., 1920, 111, 157 ; J., 1921, 554. 

“ Biochem. ‘J., 1916, 10, 34. , ' . 

'^ 'Siochem. Zeiis., 1921,115, 282 ; J., 1921, 404a. 

“ Hid., 1920, 108, 281; J. Inst. Brew., 1921, 87, 41. 
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Zinc and cadmium salts, according to S. Kostytschew*’ and 
his co-workers, S. Subkowa and L. Frey, act on the reducing 
enzymes of yeast rendering them inactive. If alcoholic fermenta¬ 
tion is carried out by Hoad yeast cells in the presence ^f these 
salts, large amounts of aldehyde ar(j produced. The absence of 
reducing enzymes, which transform aldehyde to alcohol, accounts 
for this result. 

Aldehyde appears to play an important part in the decomposition 
of sugar in many biochemical processes. C. Cohen 1 nds it during 
the fermentation of dextrose by moulds, and C. Neuberg, F. F. Nord, 
and E. Wolffs* can detect it when B. laclin aerogenes acts on this 
sugar. 

C. Neuberg and W. Ursum™ have further investigated the effect 
of alkaline substances on fermentation. Uyder such conditions 
some of the aldehyde is transformed into ethyl alcohol and 
acetic acid, and the final products consist of glycerol, acetic acid, 
ethyl alcohol, and carbon dioxide. 

The initial stages of* alcoholic fermentation by preparations 
from yeast proceed com])aratively slowly. This period of induction 
nas been investigated by A. Harden and F. K. Henley,®' who 
find that the reaction is much accelerated by the addition of 
aldehyde and methylene blue. They attribute the slowness of the 
initial stages of fermentation to the absence of a hydrogen 
acceptor which is normally formed in a later stage of fermentation. 

CHa-COOOOH-^CHjCHO-tCOj-CHjGHjOH-l-CO,. 

The influence of salts on this induction period has also been 
investigated. In living yeast the absence of catalysts of an 
aldohydic natijre l-lom occurs, and these induction periods are 
either absent or mneh loss pronounced. 

C. Neuberg and M. Sandberg have tested the influence *of 
71 aldehydes on fermentation and found an accelerative influence 
in all cases. The effect on fermentation by yeast maceration 
juice is most marked. 

Fermentation by living yeast differs in many ways from that 
by yeast juice, dried yeast, and other pr^arations of yeast. The 
writer pointed out some years ago®® a difficulty in applying 
Harden’s equations.of alcoholic fermentation to living yeast 
J. Giaja“® does good service in pointing out some.other differences. 

" Z. physiol. Chem., 1920, 111, 128, 132 ; J., 1921,1i6A. 

-* Biochem. Zeils., 1920, U2. 139 ■, J., 1921, 5Ba. 

®» Ibid., 19^0, U2, 144; J., 1921, 66a. 

“» Ibid., 1920, 110, 193 ; J. Inst. Brew., 1921, 27, 133. 

®' Biochem. A, 1920, 14, 642; ■1921, 15, 176, 313 ; J., 1921, 624a. 

“ Biochem. Zeita., 1929,*109, ^90; J., 1921, 93a. * 

®» J. Inst. Brew., 1911,17, 153. 

®* Brass, et Hist., 1921, 19. 323 ; J. Inst. Brew., 1921, 27, 479? 
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Zymase has a fermentative activity oiily about 5% of that of 
the original yeast from which it is prepared. The addition of 
toluene to living yeast also reduces the activity to about the same 
extent. . This great diminution does not admit of easy explanation, 
and Giaja considers that only about ,'5% of the activity of living 
yeast is due to zymase, and that the main part of fermentation 
proceeds by some other process. The possibility that living yeast 
contains stimulants to zymase and that these are absent in yeast 
juice may, however, account for the great activity of living yeast. 

The fermentation of galactose shows ]icculiaritics which do not 
occur in the fermentation of dextrose, Imvulose, and mannose. 
Some yeasts, if grown in a nutrkmt medium containing galactose, 
ferment this sugar, other yeasts do not. Moreover, if yeasts 
which give positive results when tested in this manner are intro¬ 
duced into a solution of pure galactose, very little evolution of 
carbon dioxide takes place, unless growth in the presence of the 
sugar occurs. Tlic present writer found that the rate of 
fermentation of galactose by yeast growh in wort was loss than 
1% of that of glucose.H. von Euler, I. Laurin.and A. Petterson“‘ 
find the rates of fermentation of the two sugars bv n top fermenta¬ 
tion yeast to be in the ratio 1, to 50. If correction were made for 
the autofermentation of the yeast the rates would diverge still 
further. It is doubtful if any galactose at all disappears under 
these circumstances. Yeast grown in the presence of galactose 
gives a crop which ferments the sugar, in some cases oven more 
rapidly than glucose. The means by which y'east adapts itself 
to ferment this sugar is of much interest, and has been studied 
by H. von Euler and his collaborators. Aqueous extracts of 
dried yeast accelerate, the process, and he obtains an adaptation 
of the yeast by previous treatment of the yeast with galactose 
solution. The adaptation can take place apparently without a 
cell increase, though when large amounts of yeast are put into 
a galactose solution some of the cells die, and yeast counts may 
not detect the production of new yeast. H. E. Armstrong” 
expresses doubt as to the capability of yeast to adapt itself to 
ferment galactose, and regards the productioA.of an active yeast 
as due to the survival and growth of a few cells which possess 
this property. 

If, however, ortb starts with a single yeast cell which does not 
ferment galactose*, and by' suitable growth obtains a yeast crop 
which docs ferment the sugar, adaptation* or acclimatisation has 
taken place somewhere. The fermentation of galactose is of little 
technical interest, but it affords aij example of the influence of 

Chem. tSo(‘*Trunft,, 1908, 93, 224 ; J^, 1908i 241. 

•* B'loctiem. 1921, 114, 277. 

« J. HM. Brew., 1921, 27, 230. 



453 


FEBmIntATION IND^JaTBIES. 

•• 

environment oil the chaBaoteristics of micro-organisms, and this 
is of much importance. , 

J. O’Sullivan’* publishes some experiments on the fermentation 
of worts containing added sugars. Ho finds that when cane 
sugar, invert sugar, maltose, or dextrose is added to the dxtent of 
15% to malt wort of an original graVity of 1061 degrees, all the 
fermentable sugars arc acted on by the yeast. If larger quantities 
of sugar are added some of tlie sugar is left unfermented. The 
retarding influence of the alcohol produced is great as soon as the 
concentration amounts to 5% by volume. 


Anaja'-u.s. 

3faU. 

The extract from coloured malts, flakec^ maize, and similar 
brewing materials, is e.stimatod by mashing, cither with malt or 
with an aqueous extract of malt. In the method recommended by 
the committee of the Institute of Brewing, malt extract is u.sed, 
and this method has the*advantage in that only a small correction 
is required for the extract which is added to bring the material 
mtp .solution. 0. G. Matthews’* gives reasons for prehmng the 
use of malt itself. He mashes 40 g. of standard malt (diastatic 
capacity 35"-45“ Lintncr) with 10 g. of coloured malt. In spite of 
the large coiTeetion, due to the additioti of so much standard malt, 
he concludes that this method gives usually more reliable results. 

W. Windisch and P. Kolbach” have .studied various methods of 
obtaining the extract of raw grain (maize and rice). They 
recommend filtered malt extract for the purijoso of dissolving the 
material, and giv^det.uls as to time and temperature. C. Chabot 
and M. H. vai»J„M<! ■ describe some experiments on determinations 
of malt extracts. They find that by adjusting the acidity of the 
mash, they obtain highiu- extracts which more closely approjteh 
those found in yjj-actice. F. Eckhardt*’ finds the analysis of 
brewery grains of value in controlling brewery extracts. Ho 
estimates the percentage of moisture, the specific gravity of the 
liquid obtained by pressing the grains in a small hand press, and 
the percentage of .findissolved extract remaining in the grains. 
This undissolved extract is obtained in solution by use of malt 
extract. • « 

In determining extracts, original gravities, end densities of various 
solutions, a pyknometer is generally used. Meriations in baro¬ 
metric pressure make* slight differences in the apparent weight 

’* Ibid., 1!)51, 27, 93 ; J., 1921, 273a. 

Ibid., 1921, 27, 22 ; J., 1921, 158a. 

Woch. Brau., 1921, 3<, 57 ; 1921, 444a. 

“ BuU. Soc. Vhim. Belg., 1921, 30, 253 ; /., ]921,.745a. 

** Z. gu. Brauw., 1921, 81 ; J., 1921, 597a. 
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of the vessel, and if great accuracy is d«8ired, c^nwctions have to 
be made. H. Keil*“ describes a method of making these correc¬ 
tions automatic. He uses a counterpoise of approximately the 
same weight and volume as the pj'knohjcter when the latter is 
filled with water. The method has received official recognition in 
Glermany. ' 

Several communications on the diastatic power of malts have 
appeared during the year, though there is nothing very novel to 
record. J. L. Baker and H. F. E. Hulton“ prefer the iodomctric 
method of estimating the maltose formed by the action of malt 
extract on soluble starch. The method emiiloyed by W. Windisch“ 
and P. Kolbaeh is very similar. G. Roecler’" suggests a method 
which closely apiiroximates to that recommended bj^ the Institute 
of Brewing Committee." There seems little reason to depart 
from this latter method, except in the one particular discussed in 
last year's report.'"' A “ buffer " salt to ensure neutrality during 
the action of malt extract on the .soluble starch is a distinct 
advantage. 

A IcoJloI. 

A. Lachman ‘“describes a rapid volumetric method of determining 
alcohol in aqueous solutions centaining 20% of alcohol and more. 
The method depends on the solubilitj’ of aniline in mixtures of 
alcohol and water. A definite weight of aniline (25 g.) is mixed 
with a definite volume (50 c.c.) of aqueous alcohol, the strength of 
which is to be found. Water is added until turbidity occurs. 
From the volume of water required the strength of the alcohol can 
be determined. iScveral corrections have to be made, and tables 
are necessary to carry out the calculations. In control work with 
samples varying to a comparatively limited ektent, the author 
claims that the method is rapid and accurate. H. Ros8ct“" 
describes a somewhat similar method for estimating the strength 
of fairly concentrated solutions of alcohol. The method depends 
on a determination of the miscibility temperature of a mixture of 
acetone, petroleum spirit, and aqueous alcohol. The presence of 
methyl alcohol in ethyl alcohol is usually detected by oxidising 
the mixture and testing for formaldehyde. F. Rabe“ recommends 
the use of resorcinol-sulphuric acid for the purpose. Modifications 

« Woch. Brau.,A‘-)21, 38, «.5 ; J., 1921, 444a. 
o Analyst, 1921. 46, 90; J., 1921, 272a. 

Woch. Bro«., 1921, 38, 149 ; J., 1921, 597a. 

*“ Ibid., 1921, 38, 5 ; J., 1921, 168a. * 

" J. Inst. Brew., 1900, 23, 6. 

Ann. Repts., 1920, 5, 430. , 

. •• Ind. Sng. Ghent., 1921,13, 230 ; J., 1^21, 274a 
.« Ann. Ghim. Anfdyt., 1921, 3, 236; J., 1921, 712a. 

" Pham. ZeU., 1921, 66, 72 ; J., 1921, 159a. 
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of the well-kno&vn metho^ of Denig^s, in which formaldehyde is 
estimated colorimetrically by Schiff’s reagent, are suggested by 
R. M. Chapin® and by R*Sieber.““ 

Starch. 

Recent advances in the t hemistry^of starch are discussed else¬ 
where, and reference is made here only to two papers which are 
of interest in the estimation of starch in the raw material of the 
fermentation industries. 

The taka-diastase method elaborated by Davis and Daish®* has 
been used by E. Horton®'’ to estimate starch in wheat. He found 
that the apparent amount of starch varied according to the amount 
of enzyme used, and different spec imens of enzyme gave different 
results. Ho therefore reinvestigated the method, and came to the 
disappointing conclusion that it cannot be implicitly trusted. 
Even in skilful hands inconsistent results' are obtained. The 
cv'idence on the whole points to incomplete conversion of dextrin 
into dextrose and maltose by the enzyme preparation. C. Mannich 
and K. Lenz®® doserib* a method of estimating starch by dis¬ 
solving it in boiling calcium chloride solution, which is made 
slightly acid (i\f/500) with acetic acid. The solution is filtered and 
the starch estimated by the polarimcter. If other optically 
active substances are present, correction has to be made for them. 
This is done by carrying out a blank ” experiment using cold 
calcium chloride solution, which dissolves these substances but 
does not dissolve starch. 

General. 

The importance of the hydrogen-ion concentration in worts 
and beers is genially recognised, and descriptions of measurements 
of such conctnir'inons, and some applications of the results, are 
given by R. H. Hopkins ®’ and by L. S. Medalia.®* The refracto- 
meter is an instrument which would probably find more application 
in the fermentation industries if it were not so expensive. K. Geys®® 
uses the Zeiss instrument for determining the strength of worts 
in malt analysis, and finds that such determinations agree well 
with those estimated by the pylenometer. This refractometer 
is also used by Vf. Lange and (i. Reif®“ to estimate methyl and 
ethyl alcohols in spirits, medicines, etc. 

“ J. Ind. Eiuj. Vkem., 1921,13, .MS ; X, 1921, 712a. 

“ Papier-I'abr., 1921,19, IW; 1921, 274.\. * 

“ J. Agric. Sci., 1914, 6, irv 1 J- 4na(. Brew., 19W, 20, 718. 

“ Ibid., 1911,11, 2f0 i ,/. Inat. Brew., 1920, 27, 694 ; J., 1921, 745a. 

Z. Untmrs. Nahr. Qenussm., 1920, 40, 1 1 1. Inat, Brew., 1921, 27, 327, 
" J. Inat. Brew., 1921, 27, 401. 

BuU. Bitreau Bioteehn., loSl, 3, 55 ; J. Inat. Brew., 1921, 27, 561. 

Z. gea. Brauw., 19Sl, lOffc; J., 1921, 597a. * 

‘® Z. Untdra. Nahr. Qenuaarii., 1921, 41, 210; /.,*1921, 598a. 
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A. R. Ling and D. R. Nanji“ descriljc an improved method of 
estimating pentoses and pentosans. The material is distilled with 
12% hydroehloric acid and the furfural collected in the distillate. 
The furfural is subsequently precipitated with phenylhydrazine 
and the ‘txccss of the latter reagent estimated by means of iodine 
solution. A sample of arab'mosc estimated by this method and 
by the phlorogiueinol method gave results in close agreement. 

Tlie usual method of estimating sulphurous acid in wines, beers, 
etc. consists in distilling the li(iuid with phosphoric acid in an 
atmosphere of carbon dio.xide. The s\ilphur dioxide is collected 
in a solution of iodine, and the sul])huric acid produced estimated 
gravimetrically. Froboesc'' recommends distillation into sodium 
bicarbonate solution, oxidation of the suli)hite with hydrogen 
peroxide, and titration of the excess of alkali w ilh standard hydro¬ 
chloric acid. " 

Macheleidt'^ describes a gravimetric method of estimating 
carbon dioxide in beer. The bottle of beer is cooled to prevent 
escape of gas, and then opened. Ammonia is immediately added 
and then ‘ magnesia mi.xture ’ to precipitate ])hosphates. The 
carbonate in the filtrate from such solutions is estimated by precipi¬ 
tation with calcium chloride, and subsequently converting tlie 
calcium carbonate into oxide "by ignition. T e writer described 
last year a method of estimating carbon dioxide by di.stillation 
under reduced pressure.*’ The apparatus can be easily adapted 
to estimate carbon dioxide in beer. 

Barley and Malt. 

A detailed account of the harvesting, storage, and drying of 
barley is given by A. Cluss, W. Klugor, and V. Koudclka.** The 
experiments were carried out on 1913 barleys anti 1914'® barleys. 
To improve the quality and germinating power of the grain they 
recommended drying to reduce the moisture contents to about 
12%. The best time they consider to carry out the process is 
after about 0 weeks’ .storage. 

The influence of the quantity of seed, and the method of sowing, 
on the yield of barley has been examined bj' R^. Iversen®’ in Den¬ 
mark. Seed sown broadcast gives results almost as satisfactory 
as when the seed is sown in lines 10 cm. apart. The quantity 
of seed is of more importance than the method" of sowing. 

“ Biochem. J., 1921, 15, 4R« ; ./. Inut. Brcu>., 1921, 27, 562 ; J., 1921, 
752a. '■ • 

Ghem. Zenir., 1921, 92, IV., 225 ; J., 1921, G41a. 

“ Z. ges. Brauw., 1921, 130 ; J., 1921, 634a. 

J., 1921, 149t. 

Z. ge.a. Brauuj., 1920, 43, .3.53, 361 ; J.. 192}, 22a. 

"0 Ibid,, 1921, 44, 4, • ' 

J. Inst. Brew., 1921, 27, 474. 
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G. von Ubiscfi'f has studied from a botanical point of view the 
crossing of H. Spoil,taneim with different varieties of cultivated 
barley. Other results (jhtained by cross-breeding barleys on 
Mendelian linos are deseribod by F. L. Engledow.'* 

Some useful information about the |920 crop of barley of British 
and foreign sources is given by J. Stewart’® in a review on the 
barley situation. 

Bavarian barleys of 1021 are discussed by G. Fries.’* The 
moisture contents he finds low, averaging 13-4%. Nitrogen 
occurs in normal amount. Starch contents and extracts are high, 
and the germination is good. 

G. Gentner’* describes an aerobic rod-.shaped micro-organism 
(B. cerealiiim) wliich causes brown stains on the stem and leaves 
of tlie bailey Jilant. T e bacillus can attaejc damp barley, and 
is not easily eradicated by treatment of the grain with anti- 
sejitics. 

F. A. Mason’’' contributes a very useful summary of the injurious 
insects which can destroy barley and malt. An account of the 
(‘ffect of as])hyxiating agents on some of these in.sects is given. 
Trngodmm klmpra, a beetle probably brought over hi .shipments 
of fndian bai-ley, is a new pest to this country. It is siiecially 
resistant to adverse circumstances, but the avi>lioation of hypo¬ 
chlorites and fumigation with chlorine prov'ed to be efficient in 
destroying t he insect. 

Hops. 

The investigation of hops is one of the prominent features in the 
Institute of Bi'cvifng He,search Scheme. The breeding of now 
varieties is laWng 'Jlace at the South Eastern Agricultural College, 
Wye, and at the East Mailing Research Station. An account pf 
the distinctive eliaractcristics of 22 now varieties grown in 1920 
is given by E. S. Salmon.’® They have been examined with regard 
to fruitfulness, aroma, resins, and resistance to disease. Many 
of these hops have now been grown for four years, and some inter¬ 
esting facts are conning to light. Several characteristics of the 
hops have appeared each }mar. The high or W total-resins- 
content remains relatively constant for each variety. Thc 
jicreentage of hard I'csin to total resin is a distinctive varietal 
character. 

Ibid., 1921, 87, 80. , 

J. Agric. iS'ct., 11, l.>9 ; J. Inat. Brew., 1921, 27, 551. 

J. Inst. Ifrm., 1921, 27, 290. 

Z. ges. Bra\iw., 1921, 161 ; J*. Inat. Brew., 1921, 27, 588. 

” Ann. Bniaa. et Di5t.,,1921,19, 201 ; Inat. Brew., *921, 27, 187. 

’“ J. Inst. Bfftw., 1921, 27, 

’< Ibid., 1921, 27, tSl. 
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A. H. Burgess” contributes a communicationon the drying 
of hops. Temperature records made with seli-registering ther¬ 
mometers were taken in fifteen oastings of hops. The temperatures 
of drying vary in kilns between 135° F.'svnd 183° F., the average 
being 168° F. 

A description of hop-picking by machinery is given in the 
Brewers' Jmimal.'”' 

E. S. Salmon" publishes some useful information on the control 
of hop “ mould.” Great stress is laid on the efficacy of early 
sulphuring. Unadulterated flowers of sulphur is recommended 
for the purpose, and the disinfecting should be started in May. 

A. R. Ling and D, R. Nanji ’* describe a rapid polarimetric method 
of estimating tannin in hops. The method is a modification of 
the one elaborated by A. C. Chapman.” The process consists 
in precipitating the* tannin in the hop extract with cinchonine 
sulphate. Whilst in Chapman’s method the cinchonine tannate 
is collected and weighed, in the new method the amount of cincho¬ 
nine precipitated by a definite extract of hops is estimated by the 
polarimcter. In spite of the change in rotation of the solution 
being rather small, the results show satisfactory accuracy. 

• 

Brewing. 

The chemical reactions which occur in the mash tub can only 
be satisfactorily carried out in slightly acid solution. The presence 
of “ buffer ” salts and the natural acidity of malt usually ensures 
this acidity. The removal or neutralisation of bicarbonate in 
brewery water before mashing may in certain cases be advisable, 
and is a matter which has been frequently discussed. Softening 
the water with lime and the lactic acid treatment are critically 
examined by F. M. Maynard.*" P. Petit®* suggests the addition of 
sulphuric acid. . The method Ls no doubt effective, but hardly to 
be recommended. • 

The use of malt substitutes for brewing purposes is now permitted 
in Germany. W. Windisch** gives a description of the, brewing 
properties of maize and rice. He finds no deterioration in the 
yeast when these adjuncts are used in reaeonable amounts.** 
Many German malts he finds lacking in diastase and unsuitable 

” Ibi4., 1921, ?7. 180 ; J., 1921, 362a. 

Brewers' J., 1921, 426. 

” J. Ministry Agric.> 1921, 28, 150 ; C. Inst. Brew., 1921, 27, 392. 

’* J. Imt. Brew., 1921, 27, 310 j J., 1921, 556a. 

” Ibid., 1907,13, 646. < 

®" Ibid., 1921, 27, 493 ; Brewing Trofle Review, 1921, 417. 

• ** Brass, et HJaU., 1921,10, 321; J. Inst. Brew., 1921,‘27, 130. 

• teoc/i. Bran., 1921, 38, 9 ; J., 1921,* 168a. ' 

•* Ibid., 1921, 88, 62 ; J. Inst. Brew.., 1921, 27, 269. ' 
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for the purpose of mashing with raw grain.** L. M^lard** con¬ 
tributes an interesting agoount of the action of proteins in the 
brewing process, and many of his conclusions agree with H. T. 
Brown’s well-known work on the subject. He considers that worts 
should not contain too much assimiable nitrogen, as they’ferment 
slowly and give rise to an imstable heer. H. T. Brown, on the 
other hand, whilst obtaining many valuable results in his work on 
the subject, finally came to the conclusion that there is no very 
definite relationship between assimiable nitrogen and the sub¬ 
sequent growth of bacteria and wild yeast in the beer.** 

P. Petit*’ finds that worts brewed from 1921 malts (in Prance) 
do not ferment sufficiently far in the brewery. He recommends 
the addition of a vigorously fermenting sugar solution in place of 
the usual wort Kriiuacn to ensure a more complete fermentation. 

F. Schonfeld** summarises his views on the factors which 
influence the. “ secondary ” fermentation of (lager) beer. The 
fermentation he discusses is in reality a continuation of the primary 
fermentation in the lager vessels. He points. out that the 
jiresenco of a fermentable sugar, and sufficient yeast in suspension, 
arc two big factors controlling this conditioning of the beer. The 
tendency of the yeast to clot and fall to the bottom of the vessel, 
the fermentative activity of the j'oast, agitation, and temperature 
of storage, also play a part. Of great importance is the small 
quantity of oxygen absorbed by the beer on transference to the 
lager vessels. This absoqition causes a re-growth of the primary 
yeast and an increased after-fermentation. He further points out 
that the yeast at this time tends to get covered with an albuminoid 
deposit from the beer, and this causes the yeast to coagulate and 
le.s.scns its activity. Yeast has a means of protecting itself against 
this albuminoid poison,” as it contains peptic enzymes which 
exert a solvent action on the mucous layer. These results are»of 
interest to brewers in this country, for the fermehtation discussed 
by Schonfeld corresponds to the conditioning of beers in cask after 
racking. Tiie use of “ priming ” to supply an easily fermentable 
sugar, Ae importance of having a certain amount of primary 
yeast left in the ljc*er, the influence of oxygen, and the efteot of 
oolloidal substances precipitated from the wort, are all matters 
which have been discussed by our chemists. , 

E. R. Moritz** contributes an interesting paper on refrigeration 
and flocculation. Worts containing unflocculated amorphous 
• 

** Ibid., 1921, 38, 143 ; J. M. Brew., 1921, 87, 477. 

** Brass, et Dist, 1921,19, 348, 364 ; J. Inst. Brew., 1921, 27, 475. 

“« J. Inst, l^rew., 1916, 82, 343. 

*’ Brasserie and Malt^rsi, 1921, H, 129 ; J. Inst. Brsiff., 1921, 27, 519. 

** Througl^Brewmj Trade Ileview, 1921, 290. 

** J. Inst. Brew., 1921, 87, 525. 
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matter produce beers which tend to show a haze a!nd are liable to 
wild yeast troubles. To overcome these troubles, H. T. Brown 
advocated agitation of the wort during cooling to aid flocculation. 
Moritz gives as his experience, that a long smooth travel of the 
wort in the refrigerator is the best means of obtaining the desired 
flocculation, though, so far, no explanation of ti.e result is forth¬ 
coming. 

Oxalates occur in small quantities in brewery worts. Calcium 
oxalate mixed with organic substances is deposited as a hard layer 
on the surface of the refrigerator tubes, wort mains, and fermenting 
vessels. Thi.s scale is objectionable and difficult to remove. The 
origin of the oxalic acid is of some interest. A Bau,”" by use of 
the calcium acetate reagent, finds 0-004% of oxalic acid in fresh 
hopped beer wort. IJn opped wort contained about half the 
amount. Hops s owed from 0-57 to 0-05%, calculated on the 
dried substance. Sterile hopped wort., after standing seven months 
showed rather more than 80% of the total oxalate in the residue, 
leaving only 0-0007% in solution. 

Brewery plant is at tiic pre.sent time receiving a considerable 
amount of ci'itical examination. The, mash tub is considered an 
inefficient vessel, and its replacement by a mash filter is advocated 
by F. M. Maynard.” I'l c claim is made, that it is possible to 
work with finely groimd malt, and that higher extracts and more 
concentrated w ort are obtained. Many other suggestions regarding 
the practical application of modern methods in the brewery are 
given in the publication. 

L. Pierre® discusses some recent improvements in steam-heated 
coppers. He estimates that the amount of steam required to 
evaporate 1 lb. of water from the wort is, in practice, about 1-67 lb. 
If it were possible to recover the heat from the steam of the boiling 
wert, and use it efficiently, the consumption of only 0-07 lb. of 
steam from the boiler would bo necessary. To obtain this economy 
he proposes to use a jet of live steam from an ifijector to compress 
the steam from the boiling wort, and send it, mixed with the 
injector steam, into the l-cating coil of the copper. 

In the Burton union system of cleansing beex-s, the latter part of 
the fermentation takes place in a series of casks each of capacity 
about 150 gallons. An improvement in tiic process is takmg 
place at tlie present time. It has been found 2 Jossible to replace 
the oak casks by q large metal cylindrical drum, fitted with “ swan 
necks,” which discharges the barm intb a trovgh in the usual manner. 

G. Defoumy® describes a method of increasing ,tho efficiency 

»" Woch. Brmi., 1921, 38, 113 ; J-, 1921, 557a. 

J. Inst. Breut., 1921, 27, 499 ,- Brewing Ttnul-e Review, 476. 

.4nn. Braes, el Bis!., 1920,10, 277 ; '3. hut. Brew., 19,21, 27, 86. 

Anil,’Brass, ei hist., 1921, 19, 216 ; J. Inil. Brew., 1921, 87, 263. 
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of the rcfrigerafou in breweries. The device consists in restricting 
the inner area of the tubes by the presence of interior smaller 
tubes closed at both ends. The cooling water circulates in the 
narrow annular sjrace.s, so produced, and is thus used more 
efliciently. ’ 

H. Lloyd Hindgives an iutei-esting’account of the bottling plant 
of the Carlsberg brewery. Nineteen-twentieths of the output of 
the brewery is bottled, and the arrangements are such as to deal 
with over a million bottles piu’ day. 

A concise account of the pioce.sses involved in malting and 
brewing is given by A. L. 8tern in Vol. I. of Thorpe's Didionury of 
Applied Chemisiry. 

F. M. Maynard has continued during the year his detailed 
descrijjtion of lager beer brewing."^ 

IfiSfNFECTANT.S. 

Disinfectants find much use in the fermentation indu.stries, for 
in the prei)aration and storage of the raw material, and in all 
.stagc.s of the fermentation jn'oeess, damage is likely to occur owing 
to the action oi insect pests and micro-organisms. The record of 
the.experience of various investigators is therefore of interest. In 
the work by F. A. Mason on malt and barley jiests, to which 
reference has already been made, (chlorine and hypochloritics were 
found of great use in eradicating the insects. Other disinfectants 
are discussed. Oarbon bisulphide was at one time recommended 
by the Board of Agriculture, but now finds less favour. Like 
benzene, which is also efficacious against all insects, it is highly 
inflammable, and the use involves considerable risk. Experiments 
with ])entachloroe|^au ■ are described by T. Parker and A. W- Long.** 
E. K. Rideal ai'd tk R. Evans,”’ in discussing the use of hypo¬ 
chlorites, show that the germicidal action is ckxsely allied to the 
oxidising power, and this is greatly depressed in alkaline solutiofls. 
Acid solutions ar» therefore likely to bo more ellectivc than 
alkaline ones for disinfecting puqjoses, though for storing such 
solutions alkaline ones are to be preferred, as they are more stable. 
R. Heuss”* investi^'ated the germicidal power of hypochlorites 
prepared on a small scale electrolytically. Ho found that as far as 
wild yeasts are concerned hypochlorite solutions, though alkaline, 
arc effective disinfectants. • 

P. Malvczin** proposes the use of foimaldohyde-sulphurous 
acid CHaiOHlSOjH for dispifocting. A !%• solution sprayed 

,/. hid. Brew., 1921, 27, 2,5. 

”* Brewers’’J., 1921, 40, etc. 

Bull. Bur^u of Biotechnologiift 1921, 104. 

J., 1921, 64a. , , 
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work with finely groimd malt, and that higher extracts and more 
concentrated w ort are obtained. Many other suggestions regarding 
the practical application of modern methods in the brewery are 
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L. Pierre® discusses some recent improvements in steam-heated 
coppers. He estimates that the amount of steam required to 
evaporate 1 lb. of water from the wort is, in practice, about 1-67 lb. 
If it were possible to recover the heat from the steam of the boiling 
wert, and use it efficiently, the consumption of only 0-07 lb. of 
steam from the boiler would bo necessary. To obtain this economy 
he proposes to use a jet of live steam from an ifijector to compress 
the steam from the boiling wort, and send it, mixed with the 
injector steam, into the l-cating coil of the copper. 

In the Burton union system of cleansing beex-s, the latter part of 
the fermentation takes place in a series of casks each of capacity 
about 150 gallons. An improvement in tiic process is takmg 
place at tlie present time. It has been found 2 Jossible to replace 
the oak casks by q large metal cylindrical drum, fitted with “ swan 
necks,” which discharges the barm intb a trovgh in the usual manner. 
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the nitroprusside reaction "which serves as a guide in the difficult 
process of isolating the substance. Observations are described 
which show that the dipeptide exercises real functions in the 
chemical dynamics of the cell. The substance is autoxidisable, 
and owing to changes in the sulphur group [—SH+ilS— iv 

—S.S-1- Hj] it acts under varying conditions, cither as a 

hydrogen acceptor or an oxygen acceptor. 

The acidity of the medium is an important factor in these 
oxidations and reductions. The dipeptide spems to possess 
catalytic properties which enable it to play a part in cell oxidations. 

Apart from the general importance of the publication, the 
information regarding the production of traces of hydrogen 
sulphide by yeast is of some technical interest. 

An attempt has been made by A. Slator*"® to work out the theory 
of yeast crops and to express the amount of yfeast a given nutrient 
medium will produce in terms of generation-times and fermentative 
activity of the yeast. If conditions are so arranged that the 
sugar is the limiting factor which finally stops the growth, the 
yeast crop is determined by the w'ay the ratio K/F varies with 
aiilerent concentrations of sugar where K is the constant of 
groVth and P the fermentative activity of the yeast. 

Yeast crops obtained from a medium containing small amounts 
of sugar w'erc found to agree w'ith those calculated from 
measurements of K and P. 

By carrying out experiments in sealed tubes and allow'ing the 
carbon dioxide to accumulate, it was found possible to make the 
carbon dioxide the limiting factor determining the crop. With 
varying amounts of actively growing seeding a constant cell 
increase was /ib'^rred. The influence of temperature on the 
crop is comparatively small. The following table gives the 
generation-time in hours of a brewery yeast, the constant .of 
growth K, the fermentative activity F, i.e., the number of grams 
of sugar fermented'per hour per yeast cell. 


Temp. 

(i.T. 

K. 

F. 

K/F. 

10° c. 

11-0 

0060 

12-5xl0->= 

4800 X 10* 

15° 

6-4 

''‘O’lOS 

24-5 

4400 

20° 

2-95 

j) 235 

47-0 

6000 

25° 

1-77 

0392 

75-0 

6200 

' Average .. 

1 ^ 

4900x10* 


Chem. Soc. Tram. 1921, 119 , 115 ; J-, 1921, 234a. 
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The influence of temperature on growth an^ fermentation is 
very great, but the ratio remains fairly constant. The average 
figure, 4900 X10®, represents the number of yeast cells produced 
when one gram of sugar disappears. ,Tf this ratio could be 
maintauicd throughout the whole of the fermentation, the very 
large crop of about 1 g. of pressed yeast to 1 g. of sugar fermented 
would be obtained. Attempts to make oxygen the limiting factor 
controlling the crop 'were not successful. 

In this w'ork concentrations of yeast wore determined by 
centrifuging the suspension in a graduated capillary tube. A 
method of the kind was used by T. Carlsonand by K.Schweizer.'®’ 
E. Kohlerdiscusses the relationship between fermentation and 
growth. He considers it probable that the fermentative enzymes 
arc preisent in the outermost layers of the cell plasma, and 
separated from the medium only by the cell membrane. 

H. Luers .and R. Heuss'“® have made a study of the flocculation 
of yea.st. The rate at vhich yeast cells settle out in a fermenting 
liquid is of importance, for this factor plays a paid in detemining 
the amount of fermentable sugars left in tJic beer, the brightness of 
the beer, and the amount of yeast obtained. In aqueous 
suspensions of living yeast they trace a relalionship between 
flocculation and viscosity of the suspension. Marked flocculation 
of the yeast corresponds to a high viscosity. The reaction of 
the medium is of importance. With a solution showing p,,—4 () 
—3-1 flocculation is good and viscosity is high, with p,, ~4-9 the 
viscosity is low and no flocoulation takes places. In worts the 
matter is much more complicated owing to the presence of colloid <. 

R. J. B. Storey ““ contributes a note on the difficulties in keeping 
brewery yeast in good condition. He advocates two w'cll- 
established processes, the treatment of yeast with tartaric acid 
to free it from bacteria, and the storing of intching ye.ast at a 
low temperature. French breweries favour phosphoric acid in 
place of tartaric acid to eliminate bacterial infection.”' 

Yeast is sometimes washed with dilute sulphuric acid to kill 
any bacteria 'present. W. Henneberg and M. Bohmer''® show 
that the condition of the yeast cell is a factor of imiwrtance in 
this treatment. Quiescent yeast cells are much more resistant 
to acid than actively-growing cells are. Other interesting 
observations' regarding the toxic attion oi sulphuric acid on 
yeast are included in this publication. 

Biochem. Zeiis., 1913, 57, 513 ; J. ?nst. Brew., 1914, 20, 430. 

BuU. Assoc. Chim. Suer., 1920, 38, 163 ; J., 1921, 191a. 

Woch. Brau., 1921, 38, 05 ; J. Inst. Brew., 1921, 27, »43. 

Z. ges. Brauw., 1921, 18 ; J., 1921 362a. 

“« J. Inst. Br(w., 1921, 27, 102. 

Ann. Brass, ef Pist., 1921, 20, 30 ; J. Inst. Brew., 1921, 27, 591. 

“ Ikocft. Brau., 1921, 88. 237 ; J., 1921, 864a. 
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C. G. Frazer “’has tested the effect of ten stains on yeast, and 
finds methylene blue and erythrosin the most satisfactory to 
distinguish living from dead cells. Dead cells arc stained within 
one minute, and living cslls arc not stained at all. 

Vitamins. 

Much work on vitamins is being carried out "at the present 
time, and some of it s of considerable importance to the fermenta¬ 
tion industry. Yeast contains vitamin B, the antineuritic food 
accessory substance. Research is proceeding at the present time 
to determine (1) if jmast synthesises this vitamin, or if it collects 
it from t..e medium in which it grows, (2) if the growth of yeast 
cells can be used as a test for any of the. vitamins, and if this 
to.st can be made in any way (luantitativc. ,A preliminary note 
by A. Harden and 8. S. Zilva"’ is of importance. These investi¬ 
gators grew yeast in a solution of cane sugar, ammonium phosphate, 
chloride, and mineral salts. All the materials were quite free 
from traces of vitamin B. S. dlipsoklens grew readily in the 
medium, and the yeast 2 )roduced was found to contain the 
vita,inin, for it had a curative effect on pigeons suffering from 
avian polyneuritis. They conclude, that yeasts grown on the 
synthetic medium contain vitamin B, but not in so large a 
l>roportion as those grown on wort. 

This agrees with the work of E. I. Fulmer, V. B. Nelson, and 
F. F. Sherwood,““ and of M. M. MacDonald and E. V. MacCollum,“' 
and others who have tested yeast growth in a variety of ways, 
and conclude that the presence of vitamin B is unnecessary. 
On the other han^. R. J. Williams"’ estimates the vitamin B 
content of various loodstuffs by their action on the growth of 
yeast; S. Frankel and E. Schwarz"* use a method in which the 
accessory factor is estimated by its accelerating effect on yeaSt 
fermentation ; ancL 0. Funk and H. B. Dubin"* employ yeast 
growth for this purpose. It is difficult to reconcile these conflicting 
views, and more work is required before any vitamin can be confi¬ 
dently estimated by the growth of yeast cells. The value of such a 
method would be great, and the matter is well worth the attention 
it is receiving. 

A. Harden and S. g. Zilva”* found no appreciable quantity of 

J. Phys. Chem., 1920, 24, 7:' ; J. hist. Brew., 1921, 27, 399. 

Biochem. J., 1921, IjS, 43S ;» J., 1921, 071a. 

■" J. Amtr. Chem. Boc., 1921, 43, 187 ; J., 1921, 273a. 

““ J. Biol. Ohem., 1921, 46, 307 ; J., 1921, 36.3a. 

Ibid., 1921, 46, 113 ; J., 192J, 310a. 

"» Biochem. ^eils., 1920, J.12, 203 ; J., 1921, 273a. 

J. Biol. Ohem., 1920', 44, 487. 

J. Inst. Jfreu)., 1918, 24, 197 ; J., 1918, 624a. 
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vitamin B in beer or malt. H. Liiersj**^ howeyer, brings forward 
evidence to show tliat dried beer extract prepared from dark 
Munich beers contains this vitamin. Pigeons fed on polished rice 
and the dried extract lost weight, but developed no symptoms of 
polyneiiritis. No reference is made in thi.s pa]>er to the one by 
Harden and Zilva, and it is difficult to say wliy the two beers give 
different results. 

Bacterioloo-s'. 

“ The Yeasts is a book of value to those ini<!rested in fermenta¬ 
tion chcmiistry, for it contains a description of the characteristics of 
about 300 yeasts and allied organisms. Each year s(«'s the dis¬ 
covery of more of these organisms, but no indication is forthcoming 
as to the means by which they come into existence. H. (.'hristo])h 
describes a small wild yeast which causes turbidity in bottled 
beer. It sporulates, easily forming 2-4 sjkucs ])er cell. (>. do 
Rossi’-* has investigated the charact(U'i,sti(vs of two species of apicu- 
lated yeasts. These organisms play a part in the initial stages 
of fermentation in wine-making. They arc sensitive to the action 
of alcohol, and are suppressed in the later part of the fermentation. 
Some new yeasts (zygosaecharomyces) found on figs are described 
by G. Chaborski.'“ 

A useful account of the projjcrtics and classification of laotic 
organisms is given by P. van Steenberge.’”®, The different species 
are distingui.shed by the shape of the organism, the flocculating 
or non-flocculating character, the maximum and optimum tempera¬ 
ture of growth. Some produce only lactic acid, others carbon 
dioxide, acetic and formic acids, glycerol, and alcohol in addition. 
Some are harmful to yeast and alcoholic fermentation. 

Sugars of a high degree of purity are retiuired for diagnostic 
purposes in bacteriology. E. H. Eitel'” describes the progress in 
the preparation, of such sugars in America. Twenty-three different 
carbohydrates are manufactured commercially and arc available 
for the purpose. E. B. Fred and W. H. Peterson'-* describe the 
fermentation of sugars (mainly xylose) obtained by digesting maize 
cobs with sulphuric acid. The organism they use is a bacterium, 
Lado-baciUm 'pentoacelicus, which converts tke sugar into acetic 
and lactic acids. The fermentation of a similar medium by Bacillus 
acetoethylicum produced acetone, alcohol, and volatile acids. 

m Z. ges. Brauw., 1921, 143 ; J., 1921, TSijA. 

A. GuilUerm'oud, translated by F. W. Tanner. 

”* Z. ges. Brauw., 1921, 119 ; J., 1921, 785a; 
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Ann. Inst. Pasteur, 1920, 30, 830 ; J. Inst. Brew,, 1921, 27, 192. 
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Acetonr. 

The production of butyl.alcohol and acetone bj' the fermentation 
of starch is a process which continues to receive attention. The 
hydrolysed starch undcn' the inlltience of the acetone bacillus 
undergoes a degradation rey)resentc'd .■i]n)ro.xiniately by the equation 
3C,H,,()„-2C,H,oO I 7(10. HH, 1 H,0.' About 35% of 

the starch i.s converted into butyl alcohoj and acetone 
Butyric and acetic acids are also jiroduceci, and infection 
of the mash with other bacilli leads to ju'oduetio!) of 

lactic acid. The chemical mechanism of the reaction is di.seussed by 
.T. Reilly, W. J. Hiediinbottom. F. R. Henley, and A. t‘. Thaysen,'*' 
and the bacteriology of the ])rocess by A. ('. Thaysen."” (!. .1. 
Fowler, y. D. Wad, and A. (I. (Jokhale,'“‘ contribute some notes 
on the jiroeess carried out in India, 'riiey find the same difficulty 
which was ex])ei-ienced at the Royal Navaf cordite factory in 
obtaining (amijrlete sterility of the mash. Jawaii (cholam) was 
chosen as the most, suitable ra\i material available. The feiiuen- 
tation plant rvas made of,aluniinium. 

(Ilyc'ekoi.. 

Progress in the manufariture of gljcerol by h'rmentaticjii consists 
mainly in .studying the conditions to give good yields. A particu¬ 
larly comjirehen.sive account of glycei-ol fi’om tiie tiuu“ of its dis- 
co\'ery down to the juesent da,\ is given by K. hlchvreizer.'-*- 

Ai.cfmon, 

d. Mezzadroli'''“ givesan interesting account of the production of 
alcohol from cand)^ in a distillery at t'atania, SicHy. The fermen¬ 
tation is cai'ried ou> hy .special yeasts acclimatised to antiseptics. 

The tubers of Jerusalem artichoke contain up to 15% of inulin. 
This polysaccharide yields Isevulose on hydrolysis,^aiul this sugaV 
is valuable, not mei»'ly as a sugar but also as a potential source of 
alcohol. J. J. Willaman”* consideis that the successful extraction 
is commercially pi'actiiiable. K. Windisch'^® gives details of the 
working of this raw material in the distillery. The biochemistry 
of the Mahua flowe»*has been studied by 0. J. Fowler'®' and his 
collaborators. The dried flowers contain (Ki-70% of carbohydrates, 
consisting of dextrose? Uevulosc. maltose, sucrose, pentoses, and 

Bioc/ietti. «/., 19-0,14, 227 

J. Inst. lircw., 1921, 27, n27t 
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cellulose. By fomentation with cultures of 'yeast naturally 
occurring in the flower, 90% of the theoretical yield of alcohol was 
obtained. The flowers were found to be more suitable for the 
manufacture of industrial alcohol t'.an for the production of acetone. 

Many investigations connected with the production of alcohol 
from cellulose are being carried out at the present time. Sugar 
cane fibre and cotton seed hulls arc shown by E. (J. Sherrard and 
G. W. Blanco*” to be unsuitable for the purjiose, for they yield such 
a large proportion of pentoses on hydrolysis. A. Wohl and H. 
Krull”* obtained from 100 g. of dry pine shavings, 60'9 g. of dextrose 
estimated by cupric reducing power ; this gave 18 g. of alcohol 
by fermentation. Attempts to produce bigger yields were not 
successful. G. W. Monier-Williams'^" has succeeded in obtaining 
crystalline glucose by hydrolysing cotton wool wdth sulphuric acid. 
The yield calculatr^ from the analysis of the crude product 
amounts to more than 90% of the theoretical quantity. No other 
product of hydrolysis could be detected. This paper is perhaps 
more of theoretical interest, but it shoqs the possibility of high 
yields of alcohol from cellulose. 

Wines and Cider. t 

A. Widmer**" has investigated fruit wines made from frozen or 
frost-bitten fruit (apples or pears). Defects appear in the wines, 
which should be consumed as soon as po.ssibJc. The harsh flavour 
of wines made from grapes attacked by insects, according to 
E. Hugues,*** is due to the presence of unusually large amounts 
of acid. 

H. Miiller-Thurgau and A. Ostcrwalden**^ describe experiments 
to show the influence of the ripeness of the fruit on the fomentation 
of the wines. They also discuss certain maWdies of wines and 
measures of preventing them. Among these may be mentioned 
tbe use of pure cultures of yeast, the addition of ammonium chloride 
as a yeast food, avoidance of high temperatures, and treatment 
with sulphur dioxide or metabisulphite after fermentation. Judicious 
blending of juices to ensure the right concentration of tannic acid 
and acidity is also recommended. 

F. Tutin**’ has carefully examined iho action of alkalis and 
pectasc on pectin. A salt of pectic acid, acetone, and methyl 
alcohol are 'produced in each case. Tt scemH probable that pectin 
is the isopropenyl ester of pectic acid. The matter is of interest, 

J. Ind. Eng'. Chem., 1920,12, 116(1; I|t20, 56 a. 

»» Gellaloaechemie, 1921, 2, 1; J., 1921, 158a. 
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for wines, cidef, peny, and other fermented fruit juices contain 
pectin which produces trapes of methyl aleohol and acetone. 

E. Garino-Canina,”' in discussing the influence of phosphates 
on alcoholic fermcntaticpi, ascribes the failure of certain ^arkling 
wines to condition to the lack of i)hosphates. 

W. Fresenius and L. Griinhut’^® ffcscrihc methods of detecting 
some adulterations in wims. Foreign dextro-ro^tatory substances 
can he detected by tlie polarimeter. All the unfermentablc con¬ 
stituents of dry wines have a low optical activity ; if, therefore, 
the residue of the wine after fermentation with yeast shows a 
comparatively high rotation, the addition of some starch syrup 
can be suspoxited. Methods of d<‘tecting gum arabic and dextrins 
are also given. A method of determining glycerol in wine is des¬ 
cribed by A. Hciduschka and F. Eiiglert.’'"' The residue of the 
wine is distilled with boric acid up to a temperature 320" C. The 
acrolein is distilkd into a receiver containing ammonia and estimated 
by its reducing pov\er on silver nitraU'. 

VlNEOAK. 

1’. Hassack''*'gives an account of vinegar manufacture in the 
Untted States. The alcohol necessary for the production is profit¬ 
ably derived from the manufaeturb of other products such as 
baker’s yeast or de-alcoholised beer. Black .strap molasses is the 
usual raw material of the spirit vinegar manufacturer. The 
preparation of malt vinegar and cider vinegar is also described. 
It is interesting to learn that the melon can be used as raw material 
for vinegar making. 

J. Mezzadroli contributes some useful information on acetic 
organisms. He c'rfi])hasises the use of pure cultures and advocates 
pasteurising the licer, cider, etc. before submitting them to the 
acetic fermentation. Acetic organisms which carry the oxidatipn 
too far, and cause loss of acetic acid, can be eliminated by such 
means. * i 

A. Chaston Chapman,'** in his description of the ma;nufacture of 
vinegar 'in this country, points out the necessity of a further 

knowledge of the biochemistry of the process. 

• 

J, Inst Brew., 1921, 27, 323. 

Z. anal. Chem., J^2l, 60, 168 ; J., 1921, 556a. 

lUd., 1921, 80, 161 ; J., 1921. 557a. 

Chem. At/e, 1921, 29, 105 J. Inst Brew., 1921,^7, 317. 

Ann. Brass, ct Dist, 1921, *19, 195 ; J. Imt Brew., 1921, 27,191, 481, 
*** Cantor Lecture. 
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By G. W. MoNinE-Wiu.TAMs, O.B.E., M.Sr., rh.B., F.T.C., 
^Minislri/ of Health, Lniidon. 

Food choini.sti'y in its broader a!<])oet touche.s .so many fields of 
research, cotnineneing with food jn'odnetion on the farm and ending 
with the infiuence of diet u])on health and disease, that it is not 
possiblt! in a short review to do more than select certain outstanding 
features, and indicate the ])rogress which has been made during the 
))ast year. 

Diet an]) Nutrition. 

In the light of the wider knowledge of nutrition gained during 
recent years, it is becoming incieasingly clear that the jjurity of 
individual foodstuffs from the chemical and bacteriological stand¬ 
points, and their relative, valucjS in terms of calories, are not the only 
points to be considered in as.sessing their worth for the purjjose of 
nutrition. In former years the quality of foodstuffs was judged 
by the extent to which they conformed to an agreed standard of 
eompo.sition, and were free from potentially harmful or actively 
poisonous ingredients such as might gain access during manufacture, 
preservation, or distribution. As far as nutritive value was 
concerned the natural inclination of the consumer, and his freedom 
of choice, were deemed to be sufficient safi^guards. 

Civilised man to-day is living under what may be termed artificial 
conditions as comjiarcd with his more primitive ancestors, and his 
choice of foodsfufls is affected to an ever-increasing extent by 
factors such as scarcity, cost, difficulties of transport and distribu¬ 
tion, etc. These factors all combine to render it difficult for many 
people to follow their natural inclinations in regard to diet, further¬ 
more, there is the question as to how far our natqyal sense of what is 
good for us may have been dulled or perverted by civilisation, and 
to what extent our predilections in such ma.tters as appearance, 
taste, and colour may have undergone a gradual change, in directions 
opposed to those indicated by considerations of nutritive value. 

It is a maxim of the food manufacturer that in the long run the. 
consumer is always right, implying that the foodstuffs most in 
demand are necessarily those which experience has shown to be the 
rnost suited to the needs of the peojilc. This might conceivably be 
true if man were* livjng in a more or leas wild state, under eonditions 
where his sundval or non-survival- would depend sblely upon his 
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physical fitness,‘but it caa hardly be held to apply to modern 
conditions of life. While l^fie refined food products of the present 
day have undoubtedly been evolved from the cruder and more 
primitive foodstuffs of bygone years by a process of selection on the 
part of generations of consumers, thi.s selection lias follo^’cd an 
artificial rather than a natural course, and the consumer's judgment 
cannot be relied upon as an infallible guide. ^ 

It is now generally recognised that the various dietetic elements 
are to a great extent intcrdependcnl, and the ('f^cctive utilisation 
of each foodstuff by the human body depends upon the jiroper 
balancing of the constituents. Kor instance, when carbohydrates 
are removed from the diet, fats aie incomjiletely oxidised, and it 
would ajipear also tliat the jiresence of carbohydrates is essential 
to the normal course of iirotein metabolism. Certain ])roteins are 
found to be inadequate for the maintenance of nitrogenous equili¬ 
brium. They arc inconqilctc in respect of tlidr yiroximate 
constituents, and posse.ss a low' biological value. Again, the 
jire.scnee of unidentified ijccessory factors, or vitamins, which are 
assumed, on the eiidencc available, to be definite chemical sub- 
siances. has been shown to be essential to grow th and to maintenance 
of htalth. 

'I’liere is a danger that too much stress may be laid on the import¬ 
ance <)f vitamins alone. These factors ayipea,’' to work in close 
relationship with the other dietetic elements. While they are 
undoubtedly' essential coirstituents of any dietary, it does not 
follow that their 2 )rc.sence is all-suflieient. They may be looked 
upon as links in a chain of dietetic elements, each of which is of 
fundamental imyautanee in maintaining the continuity of the 
whole. Or, again.-^ih<> various dietary constituents ifiay he likened 
to the several j)arts of a rotating wheel. Unless the parts be 
properly balanced, the w lieel does not run true. The more varied 
the diet, the greater the jirobability that all the necessary constitu¬ 
ents are ])resent in sufficient amount. It may be argued that 
under modem conditions the opportunities of securing a varied 
diet are greatcir than they hav'e ever boon, and that there is little 
likelihood, in practiae, of appreciable deficiency occuming in any 
one essemtial constituent. However this may be, evidence is 
gi’adually accumulating which would seem to show that the dietary 
of large sections of the jiopulation, whether owing to acquired 
taste or to force of circumst'inccs, may be dangerously near to a 
point at which it is ip^dequitte, not necessarily in quantity, but 
in quality, for the maintenance of health. *“ Malnutrition is wider 
in incidence and more devastating in issue to a community than 
food-borne disease.” ^ 

, * • , 

^ Sir GeorgeCNewman, .,4rt Owf/me of the Practice <4 Preventive Medicine, 

Cml. 3«3, 1919, pp. OrUil. 
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Proteins. 

The present state of our knowledge as-to the relative value of the 
different animal and plant proteins from the nutritive standpoint, 
has bepn reviewed by R. H. A. Plimmer.“ He points out that 
biologically the proteins ipust be regarded as mixtures of the 
various amino-acids, and that the nature and relative proportion 
of the amino-acids in different pioteins vary considerably. Each 
amino-acid has apparently a definite function to perform in the 
process of growth and maintenance. If it were possible to obtain 
sufficient of each individual amino-acid for the preparation of 
artificial food mixtures, experimental work would be greatly 
simplified, but the practical difliculties of this jirocedurc are too 
great. The methods employed are either (1) to feed incomplete 
proteins and add the rai-ssing unit or units, or (2) to feed completely 
hydrolysed proteins from which one or more of the amino-acids 
have been removed by chemical means. 

An extensive scries of researches has been carried out by E. V. 
McCollum, N. Simmonds, and H. Parsons on the biological 
value of proteins in nutrition.’ Rats weie fed for long ])criods 
upon diets which varied as regards the source of the protein, but 
which were complete in all other ri-spects, and their general heklth, 
rate of growth, fertility, and length of life observed. It was found 
that milk, when forming the only source of protein, was stperior 
to all other foods. Of the cereals, wheat' possessed the highest 
biological value. The proteins of the pulses were, in general, of 
low value, but animal jiroteins, especially those from glandular 
tissues such as kidney and liver, ranked approximately w'ith wheat, 

Greater differences were observed in the capacity possessed by 
different proteins for supplementing each other, and forming 
mixtures of higher biological value than either of the two proteins 
separately. Thus the proteins of kidney, liver, and muscle fibre 
are remarkably effective as supplements for tjiose of cereals, but 
not to so great an extent for the proteins of pulses. A combination 
of meat and wheat jiroteins'is of higher biological value than either 
of the two separately. On the other hand, cereal and vegetable 
proteins are unable mutually to supplement‘ijach other and such 
mixtures are not of higher biological value than the constituents 
alone. . 

One of the essential constituents of proteins from the nutrition 
standpoint is tryptophane, and several papers have been published 
recently on the estimation of this substance in various foodstuffs.* 
The methods employed depend for the most part, on the red or 

,. » J., 1921, 227r. 

» J. Biol Ch%m., 1921, 47, 111, 139, 176, 2017. 235. 

* 0., t'urth and F. Lieben, Bioc)ietn.‘‘Zeita., 1920, 109^ 124 ; 1921, 116 , 
224 ; J., 1921, 787a. 
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violet coloration,given by tryptophane with certain aldehydes 
in the presence of an oxjdising agent, and are thi3S variations of 
the Hopkins-Cole test, using glyoxylic acid, and of the veil-known 
Hehner test for formaljlchyde in milk. O. Furth and K. Nobel® 
find that casein contains 2-0%- the proteins of cows’ milk whey 
1-8 to 2-3%, and the proteins of human milk 34 to 6-8% of 
tryptophane. 

H. Onslow has studied the conditions under which tryptophane 
is destroyed in the hydrolysis of caseinogen by^aoids and alkalis,® 
and gives a detailed account of the preparation of this amino-acid 
by the digestion of caseinogen w ith trypsin. The fluid resulting 
from the digestion is precipitated with mercuric sulphate, the 
mercury removed by hydrogen sulphide, and the filtrate again 
digested with tr 3 q)sin and tlieii extracted with methyl alcohol. 
In this way yields of 10 to 15 grams of t]'yptt)phane were obtained 
from 1 kg. of caseinogen. 

Two now proteins which have been separated from yeast’have 
been found to contain 1»51 and 2'28y„ respectively of tryptophane. 
Both proteins also give a high yield of lysine, which is one of the 
essential amino-acids from the nutrition standi)oint, and the high 
fodd value of yeast thus receives additional confirmation. 

Mention may be made of a paper by H. F. Woodman* on the 
characterisation of different individuals by the method of protein 
racemisation. When solutions of protems in dilute sodium hydrox¬ 
ide solution arc kept at 37° tl., they suffer a progressive diminution 
in the value of their optical rotatory power. This appears to be 
due to a keto-enol tautomerism of the; (IH.CO. groups in the 
protein complex. By plotting the diminution in rotation against 
the time, cujvci^ are obtained w hich are the same for identical 
proteins, but which differ more or less from each other if the proteins 
in question differ in amino-acid make-up. The method does not 
pretend to do more than establish structural Identity or non¬ 
identity, but it is claimed that for this purpose it is simpler and 
more rapid than the chemical and biological methods hitherto 
used. Woodman is able by this method to confirm the identity 
of the globulins of»cow’s blood-scrum and of colostrum, but finds 
that lactalbumin and serum-albumin are different in structure. 
It is well known tljat colostrum contains a high proportion of 
lactalbumin and globulin as compared with .milk. These two 
proteins were formerly .supposed to pass direct,into the colostrum 
from the blood-stream, witUout undergoing a separate mammary 
synthesis, such as occurs in the case of ca&inogen. It would seem, 

* Biochem. Zeils., 1920,109.14)3. 

“ Biochem. 1921, 383, 392 ; J., 1921, 672a. , 

P. Thomas, Ann. Xnst. PaHtmr, 1921, 35> 43 ; Ji, 1921, 234a. 

® Biochem* J., 1921, 16, 187. 
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however, that lactalbumin must also be regarded, h'l the same way 
as caseinogen, as a product of mammary synthesis. The high 
proportion of globulin in eolostrum and itg transference direct from 
the blood-stream would appear to be in the,nature of an emergency 
measure during the early days of lactation.” 

An investigation by G. A. H.artwell on the effect of diet on 
mammary secretion’” shows that great differences occur in the 
initial weight and rate of growth in litters of young rats according 
to the food of the mother. On diets of bread and milk or br ead and 
meat, both mother and litter' did far better than on a basal rliet of 
bread alone. On deficient diets the mother appears to be able to 
supply certain essential constituerrls from her own tissues. 

, Vilaiiniis. 

Research work on accessory factors, or' vitanrirrs, may conveni¬ 
ently be considered under three headitrgs : (1) their or igin and 
distribution ; (2) their stability • and (3) tkeir effects on the auirttal 
organisnr. 

It is becoming increasingly clear that the tlrr'ce ae.eessor-y factors 
at present recognised, which inay be termed, aecording to DnrVn- 
mond’s nomenclature, vitamins A, B. and G. are primarily of 
vegetable origin and cannot be synthesised by the animal orgartism. 
The latter is entirely dependent upon its food for the supply of 
vitamins necessary for its own development and for that of its 
offspring in the early stages of growth. The fat-soluble vitamin 
A appears to be essentially a protluct of photosj-rrthesis in plants, 
and its formation under these conditions has been investigated by 
Coward and Drummond.” They found that^diied seeds are 
deficient in this vitamin, and that the quantity is not increased 
by*germination. Plants deficient in chlorophyll, such as etiolated 
seedlings, white 'cabbage, mushrooms, etc., are, also deficient in 
vitamin A. On the other hand, it is formed by even the lower 
chlorophyll-containing plants, such as marine alga*. Red algm, 
which arc differently adapted for photosynthesis, aie not so active 
in this respect. Vitamin A may be extracted from green leaves 
by means of fat solvents, and appears not to be associated with the 
protein compjcx. These observations lend ailditional interest to 
the older work of B. Willstatter and of B. Moore and T. A. Webster 
upon the constitution of chlorophyll and the mechanism of photo¬ 
synthesis, and to the researches of E. C. C. Bajy, I. M. Heilbron, and 

* J. C. Drummond, K. H. Coward, and A. F. Watson, Biichem. J., 1921, 
15, 540. 

*’» BiocAem. y.,;921,16, 140. 

*’ K.'H. Coward and J. C. Drummond,"BiocAm. J., 192i, 15, 630; 
1921, 74 Ba. ■ ‘ 
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W. F. Barker'^ upon phcrtocatalysin, published during the year 
under review. 

Vitamin B appears to uccur mainly in the germ or embryo and 
outer layers of seeds ami is also abundant in yeast and e^g-yolk. 
A. Harden and S. S. Zilva'“ find that,/S'acr7ian«n,!/ce,5 rllipsoideMS is 
able to produce this vitamin when grown in a synthetic medium in 
which ammonium salts were the only source of nitfogen. 

The antiscorbutic vitamin (1 is found in the green leaves of 
plants, especially Crvnjmf, and in fre.sh fruks. It is formed 
during the process of germination of seeds. 

Vitamin A has been shown to be one of the chief factors con¬ 
cerned in promoting nonnal growth. If further research confii-ms 
the, fact that it ow es its oiigin to the synthetic processes taking place 
in plants under the influence of light, it is oljvious that here is a 
fact of fundamental imjiortance fi'om the stand])oint of rational diet 
and nutrition. It is curious that although vitamin A is synthesised 
by the ])lant, vegetable oils in general are deficient in this substance. 
The factor appears to la* localised in the chlorojdasts and not to 
be transported, to any great extent, to other parts of the plant. 
Anijnal oils and fats on the contraiy are usually rich in vitamin A. 
No hard and fast rule can be drawn ip tliis (aumexion, but it would 
seem that the animal organism possesses in high degree the pow ei- of 
storing up this factor in its tissues. A remarkable instance of this 
is furnished by the cod-fish and other allied fishes. (Jod-liv'cr 
oil, when carefully prejiared, is one of the richest known sources of 
vitamin A. The source of the accessory factor in this case must 
lie with the green marine alga', endow ed with the power of photo¬ 
synthesis, which |jn-m the ultimate food material^of all marine 
animals.’'* « . 

While the total (quantity of vitamin A present in the animal is 
dependent mainly upon the character of its food, the distributimi 
of the factor in tly? various organs and secretions appears to be 
determined by their jvhysiological function. The growth energy 
of the yopng is much greatei' than that of the adult and dcmand.s a 
larger supj)ly of the growth-promoting factor. In the earliest 
stages of growth thjS supply can be deriv’ed only from the mother. 
Thus the fat of mammalian milk is richer in this respect than the 
depot fat of the body.. There is, as it were, a mobilisation of reserves 
on the part of the mother to meet the needs of hen offsining. Colos¬ 
trum, which is the product oi the udder for the first few days after 
eahing, is richer in vitamin A than is normal cows’ milk.*** This 

’= Chtm. Hot. Traiin., 1921, 119, 1025 ; J., 1921, OSSA. 

>» Biochem. J., 1921. 15, 438 ; J., 1921, 670a. 

** K. H. Coward and J.V3. Drummond, Biochem. J., 1J21, 15, 035. 

J. C. Drflinmond, K. H. Coward, and A. F. iVatson, Biochem. J., 
1921. 15, 540; A, 1921, 746a. 
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selective distribution appears to run ^parallel with that of th( 
lipochrome pigments which are similarjy derived from the greei 
plant and are concentrated in colostrum and also in egg-yolk 
This similarity has given rise more than oijoe to the suggestion tha 
these pigments, of which carrolene is the best known, may b( 
intimately connected with the growth-promoting factor, but M 
Stephenson'* has now confirmed the conclusions reached by previoui 
workers that pure carrotene is without action on growth. 

Summer and winter mUk differ appreciably in vitamin content 
the former being' the richer in this constituent owing to the fac 
that in summer cows are fed largely upon grass.” The rclationshij 
between the'food supply and the vitamin content of the body fai 
has been studied in great detail by J. C. Drummond, J. (lolding 
S. S. Zilva, and K. H. Coward'* in connexion with the. feeding o: 
pigs. Ijard has hitherto been looked ujion as an exception to llu 
general rule that animal fats contain more vitamin A than vegetabh 
fats. Lard is a depot fat, unlike butter which is a product oi 
the mammary gland, but other depot fats, such as oleo oil, contair 
this accessory factor in fair quantity. Here again the nature of thf 
food is a controlling factor. The normal diet of fattening pigs 
contains very little vitamin A, but grass-fed pigs, on the other hand, 
arc able to store up the factor in their tissues, although to a less 
extent than grass-fed cattle. 

A further reason why lard is usually deficient is to be found in 
the sensitiveness of vitamin A to oxidation at high temperatures. 
While oleo oil is prepared at as low a temperature as possible, 
lard is rendered and refined at a high temperature, under con¬ 
ditions which may lead to destruction of the vitamin by oxidation.” 

This susceptibility to oxidation is also .shown in the case of 
butter, which is inferior in its growth-promoting qualities to the 
same amount of fat in raw milk. The loss is due mainly to oxidation 
during working.** While butter can be heated to 120° C. for four 
hours in absence of air without its content of vitamin A being 
affected, loss of this factor by oxidation may take place at tempera¬ 
tures as low as 37° C.*' 

The importance of vitamin B in the promotion of growth would 
seem to be at least equal to, if not greater than,' that of vitamin A, 

'* Biochern. J., 1920, 14, 715 ; J., 1921, 363a. . 

” F. Q. Hopkinj, Biocheti}. J., 1920, 14, 721 ; J., 1921, 313a. R. A. 
Dutcher, C. H. Rckles, C, D. Dahle, S. W. Moad, and 0. G. .Schaefer, J. BioL 
Cktm., 1920,45,119; *J., 1921, 94a. • , 

'« Biochem. J., 1920,14,742 ; J., 1921, 363a. 

*• J. C. Drummond, J., 1921,40, 81t. 

J. C. Drummond, K. H. Coward, and A. F. Watson, Biochem. J., 1921, 
.16.-640; X, 1921, 746a. 

“ J. C. Drummond and K. H. Coward,* Biochem. J., 1920,14, 734 ; J., 
1921, 363a. ■ 
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but for several Reasons a deficiency of the former factor is not so 
likely to occur, at any rate among the inhabitants of western 
Europe and America. Hje water-soluble factor B is more widely 
distributed than the fajt-soluble, especially in pulses and in the 
whole-meal of cereals, and moreover appears to be more fesistant 
to heat and oxidation. J. M. Johnson and C. W. Hooper"* have 
found that skim milk, when dried by the spray process, retains 
practically the whole of its vitamin B, as measured by the quantity 
required to protect figeons from polyneuritiSj and to produce 
normal growth in rats. 

The effect of heat and oxidation on the anti-scorbutic vitamin C 
is not so well defined and appears to depend to some extent on the 
particular nature of the foodstuff in question. Although cabbage 
and other vegetables suffer a loss of 70-80% of their anti-scorbutic 
potency when dried, fruit juices can be dried'with little or no loss. 
Several papers have been publLshcd during the year on this subject® 
and it has been found that commercially dried orange juice retains 
its anti-scorbutic properties for several months or even years. 
Milk dried by a spray process is stated to contain less vitamin C 
than milk dried on steam-heated rollers,® while full cream sweetened 
milk, which is condensed at a low temperature under reduced 
pressure, has been found to be as effective in this respect as raw 
milk.“^ The varying susceptibility shown by different anti-scor¬ 
butics to heat and desiccation may conceivably be determined by 
their relative degree of acidity. 

One or two interesting points in this question of oxidation may be 
noted. Vitamin A, while easily destroyed by oxidation, is also 
apparently destroyed by the hydrogenation of fats and oils. The 
possibility of pxi'pifinn occurring at some point dufing the refining 
of oils prior to hardening is, of course, not excluded. It would 
bi! of great interest to ascertain whether a crude unrefined fish oil 
lo.ses its growth-promoting power on hydrogenation alone at a low 
temperature. Further, there is the question as to whether a fat 
in which vitamin A has been destroyed by oxidation, can again be 
rendered active by a process of reduction. 

The part played^4)y deficiency of vitamin A in the causation of 

IJ, s. Public Health Servic€t Public Health Reports, 86i No. 34, Aug., 
26th, 1921. 

“ A. Harden and H. Koliison. Biockem. J., 1021, 521. N. R. Ellis, 

H. Steenhock, and E. B. Hart, J. Biol. Chern., 1921, 46^ 367 ; J., 1921, 406a. 
M. H. Givens and I. G. J^acy, J*Biol. Chem., 1921, 46, 11; J., 1921, 318a. 
J. E* McClendon, W. S. Bowers, and J. P, Sed|;wick, J. Biol. Chem., 1921, 
46, 9 ; J., 192f, 318 a. J. A. Shorten and C. B, Ray, Biockem. J,, 1921,15, 
274; J., 1921, 625a. 

H. Jepheott and A. If. Bacharach, Biochem. J., 1921,16, 129 ; J., 1921 
525a. . * • 

® E. M. Hume, Biochem. J., 1621, 16 , 163 ; J., 1921, S26a. 
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rickets is still a vexed question. The importance, of research in this 
direction can hardly be overrated, for while scurvy, beri-heri, 
pellagra, and suchlike diseases are not of frequent occurrence, 
rickets is a condition which is widespread among civilised com- 
munitici! of the temperate zones, and is “ one of the most fertile 
causes of the crijipling an'd disabling diseases of early child¬ 
hood. 

Mcllanby’s experiments on pujqiies indicated that definite 
rickets could be nroduced by diets deficient in vitamin A, and 
that the disease could be prevented or cured by the addition of 
certain oils and fats to the diet. 'I’he oils which produced this 
effect were those which w ere known to contain vitamin A. Kxperi- 
ments on other animals, however, have not given such definite 
results. S. >S. Zilva, J. Golding, J. ('. Drummond, and K. H. 
Coward^® have studied the effect on ])igs of a diet rigorously restricted 
in the fat-soluble factor. Although growth was interfered with 
and the young died soon after birth and were in several cases 
malfonned, no definite rickets was obsei;ved. 

A. F. Hess and L. J. Unger,” from observations made on groups 
of infants receiving diets some of which were rich, others deficient 
in the fat-soluble factor, could not obtain any definite evidcfice 
that the rickets which developed in some of their jiatients could be 
traced to an acce.ssory factor deficiency. 

H. M. M. Mackay-* fed kittens on a diet deficient in vitamin A, 
but otherwise adeciuate, with the result that the animals ceased 
growing. No evidence of rickets, however, could be established 
on post-mortem examination. 

E. V. McCollum and others-’ have analysed a scries of diets 
on which rats‘develo])ed rickets, and considered that while the 
cause could be ascribed in general terms to faulty nutrition (un¬ 
balanced diet), it could not. be definitely i)ut down to deficiency 
in vitamin A. They consider that the ratio of calcium to phos¬ 
phorus in the diet is an inqiortant factor in the etiology of rickets. 
Normal bone formation requires a definite calcium : phosphorus 
ratio, and if this be u])set in either direction rickets may result. 
The administration of an anti rachitic substance, such as cod-liver 
oil, may prevent rickets even when the calcium : phosphorus ratio 
differs from t}ic normal. One of the functions of vitamin A would 
seem to be that ot assisting the assimilation of calcium and phos¬ 
phorus where the,normal mechanism existing for this puipose 
has become deranged. 

** Sir George Newman, lot. oil., p. 79. 

Biochem. J., 1921, 15, 427. 

. J. Amer. Med. Assoc., 1920, 74, 217. 

“ Biochem. J.,T92i, 15. 19. 

«» J. Bicl: Chem., 1921, 46, 343. 
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On the other iatnd, L. Hndlay, D. N. Paton, and J. S. Sharpe,**’* 
as a result of investigations on the ealeium balanee in healthy 
and riekety ehildrcn, are of opinion that the 6vidence we possess 
is opposed to the view, t*hat rickets is duo to a deficient supply 
of calcium to the bones. Ohanges in bones, simulating somewhat 
those in rickets, can be caused by febding on a calcium-low diet, 
but the condition is not that of true rickets. Again D. N. Paton 
and A. Watson”" have found that if scrupulous care bo taken 
as to cleanliness, ])upi)ics can be reared free of rickets on a diet 
of only O-,') g. of milk-fat per kg. of body-v^cight, along with 
bread. They ([uestion the view that rickets is a deficiency 
disease due to a lack of an anti-ratihitic factor associated with 
milk-fat. In young dogs under ordinary laboratory conditions a 
libei'al allowance of milk-fat up to even 14 g. per kg. of body- 
w('ight neither ju'cvents the on,set of rickets nor cures it when 
developed. 'I'hey inclitK! to the view that the total energy intake, 
together vith the conditions under which the dogs are kept, are 
important factors in controlling the development of rickets. An 
outbreak of rickets in a kennel of fox-hounds at Adelaide,”' 
ill which removal of some of the pups .to fresh ground prevented ’ 
the* onset of the disease, suggests that, after all, some bacterial 
infection may ])lay an important part in the causation of this 
disease. 

That the effect of vitamin A on growth is dependent on the 
presence of a sufficiency of calcium in the diet is also indicated by 
the work of A. L. Daniels and R. Loughlin,” who have investigated 
the effect of heat-treatment of milk on the growth of rats. Rats 
fed on milk pasteurised by a holding process grew at about half 
the u.sual rate, and/never attained the normal size fos adult anhnals. 
Rats led on comnnrcial evaporated milk did not grow and soon 
died in an emaciated condition but with no signs of xerophthalmia. 
On sweeti'ned condensed milk growth was norma]. The addition 
of foods rich in bofli vitamin A and vitamin B did not produce any 
growth stimulation in the stunted animals fed upon evaporated 
milk, blit when calcium salts, cither soluble or in the form of a 
paste 01 calcium phosphate in a collmdal medium, were adminis¬ 
tered growth was Stimulated. The authors arc of opinion that it 
is the precipitation of insoluble calcium phosphates during the 
heating of milk which*is responsible fo*" the lowering of its nutritive 
value. Those insoluble salts are to a great extent loft behind as a 
deposit in the pasteuriser or> milk container. When special care 

was taken to include the insoluble material by colloidal suspension 

• 

Qiiarterhj J. Medicine, 1921^ 14, 352. 

2“b Hrit. J. Bxp. Path., 1921, 2, 75. 

L B. Bull, J. Com'^ar. Paihol. and Therap., 1918, Sfl., 193. 

J. Biol. (Them., 1920, 44, 381 ; J.. 1921, 23a. 
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results similar to those ot normal growtliion raw milk were obtained. 
Sweetened condensed milk, when fed undiluted, is so viscous that 
the preciiiitated calcium salts remain in suspension. 

One of the conditions associated with rickets in childhood is 
delayed dentition, which is believed to be a predisposing factor in 
the causation of dental caries. McCollum®* refers to some interesting 
evidence pointing to the possible effect of diet upon the incidence 
of dental caries. A number of skulls were dug up by Stefansson 
from a cemetery ip Iceland, dating from the ninth to the thirteenth 
centuries. No carious teeth at all were found in these skulls. The 
diet of the Icelanders previous to about 1850 consisted of milk, 
mutton, fish, and fowl, with possibly the eggs of wild birds. The 
only vegetable food oaten regularly was carrageen moss, but potatoes 
and tumijis were eaten to some extent. The teeth of the natives 
and their general health wore excellent as long as this diet was 
taken. The deterioration of the. teeth apparently began about the 
time when cereals and sugar were regularly imported into Iceland. 
The same thing is stated to be true of the North American Eskimo. 
The statistical data in these matters arc bound to be uncertain 
and incomplete, and it will naturally be suggested that 
several other factors besides malnutrition may conceivably 
have been concerned in lowering the physical standard of these 
races. 

In the same series of papers McCollum reviews the general aspect 
of the nutrition question and the relation of malnutrition to general 
“ unfitness ” and industrial fatigue. He advances the theory that 
the widespread use of cereals, pulses, and potatoes represents an 
innovation in man’s diet and one which is not for the best. McCollum 
questions the soundness of the view that the cereal grains are the 
most important and economical sources of human food, in view 
of,,the fact that cereal ijroteins are of low biological value and are 
unable to supplement one another, and he suggests that the extension 
of the use of cereals in the diet of man may hkve already passed 
the limit of safety. 

Different species of animals are found to vary both in their 
requirements of growth-promoting vitamins aad in their relative 
susceptibility to rickets and scurvy. Pigs, although liable to 
develop a condition closely resembling rickets, appear to require a 
very small amount of vitamin A for normal growth and develop¬ 
ment. Puppies would seem to require a much larger proportion of 
this factor, while guinea-pigs must have aq ample supply of both 
the growth-promoting and anti-scorbutic factors. The rat can 
apparently thrive and produee young on a scorbutic diet which 
wiU kill the guinea-pig. 

“ E; V. McCoUuir, N. Simmonds, and H. T. Parsons,' J. Biol. Ohem., 
1921, 47, lie. 
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B. M. Hume”’makes 3n interesting reference to the possible 
effect of anti-scorbutic requirements on the geographical distribution 
of different animals. The need of the guinea-pig for this factor is 
so large that it has probably limited the creature's geographical 
distribution, and rendered the numerical success achieved by the 
rat, mouse, and rabbit in the struggle for existence, an impossibility 
for it. > 

From the standpoiiit of the food analyst it is unfortunate that 
the characterisation of accessory food factors has not yet passed 
the stage of animal experiment. The method proposed by R. J. 
Wilhams, according to which the growth of yeast in a liquid is a 
measure of the amount of vitamin B present, has been found to 
give untrustworthy results.” Yeast itself can produce vitamin B 
when grown on a salt and sugar medium. 

No indication of the chemical characters of any of the accessory 
factors has yet been forthcoming. S. S. Zilva and M. Miura“* 
have shown that collodion membranes are permeable to vitamins 
B and 0 to much the sAme extent as to methylene blue, neutral 
red, and safranine, but of course the diffusing molecule may bo 
either simple or associated. The remarkable work of F. Gowland 
Hopkins®*-on the isolation from yeast and animal tissues of a 
crystalline dipeptide, w'hich can behave, according to circumstances, 
either as a “ hydrogen acceptor ” or as an " oxygen acceptor,” 
led to the suggestion that this substance might be connected in some 
way with vitamin B, but on trial the dipeptide W'as found to have 
no effect in preventing or curing avian polyneuritis. An interesting 
observation is made by N. Bezsonoii®* that only those extracts 
known to possess^nti-scorbutic properties give a J)lue coloration 
when, tested witle .a solution of sodium tungstate and phospho- 
molybdic acid in phosphoric and sulphuric acids. Of the various 
phenols examined the only one to give this blue colour with fJie 
reagent was quinol. 

P. Goy®’ claims that he has isolated from yeasts, moulds, and 
bacteria, a crystalline carbon compound free from nitrogen and 
phosphorus, which exerts a stimulating effect on the growth of 
these organisms. .This substance exerts its growth-promoting 
function only after its solution has been heated to 85°-90°C., and 

=® Biochem. J-, 1921,15, 30: .1., 1921, 525a. 

“® R. J. Williams, J. Biol. Vliem., 1921, 48, 113. .,E. I. Fulmer, V. E. 
Neleou, and F. F. Sherwood, J. Amer. Chem. Soc.^ 1921, 48, 186. W. H. 
Eddy, H. L. Heft, H, C. Stevenson, and R. John^n, J. Biol. Chem,t 1921, 47 
249. 

®* Biochem. /., 1921,16,422 ; J., 1921, 671a. 

■® Biochem. J., 1921,13, 286. 

»• Comptes’jvnd., 1621, 178, 466; J., 1921, 747a.' 

» Compiee rend., 1921, 172, 242. 
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loses its power at about 168'’-170°C. “It appears to be distinct 
from the vitamins A and B of higher plants. 

Possibly the material most likely to famish information as to 
the nature of vitamin A is the unsaponifiable fraction of cod-liver 
oil, which has been found by S. S. Zilva and M. Miura to influence 
the growth of rats in extraordinarily minute doses.^* 

The need for methods by which the nutritive value of foodstuffs 
may be determined by analysis rather than by the tedious, cum¬ 
brous, and relatively inaccurate procedure of animal experiment 
is emphasised by the claims now being made for proprietary food¬ 
stuffs in respect of vitamin content. A case in point is to be found 
in a patent for the production from wheat bran of an infusion or 
powder stated to contain water-soluble vitamins.’* 

A general risumi of the relation of vitamins to the food supply 
is given by A. Harden,” and a discussion of the whole question of 
diet in relation to normal nutrition is to be found in a report by 
J. M. Hamill to the Ministry of Health.” Mention must also be 
made of the valuable series of analysis of different foodstuffs 
together with their calculated energy values carried out by R. H. A. 
Plimmer for the War Office, and recently published in book form.” 

Oanned Pootis. 

Several important pajiers on the subject of canned foods have 
recently been ])ublishccl. A comprehensive investigation of the 
factors influencing heat penetration and sterilisation in canned 
foods is being conducted by W. D. Bigelow and his collaborators 
in the Research Laboratory of the National Oanners’ Association, 
Washington, D.C.” It is well known that high temperatures alone, 
in the region of 120° to 140°(.'., are insufficient'to kill the spores 
of,the more resistant bacteria. A combination of time and tem¬ 
perature is necessary. Bigelow has determined, for a number of 
thermophilic organisms isolated from spoiled tanned foods, the 
relationship between temperature and time necessary to effect 
sterilisation. To take an example, 200,000 spores per c^c. of a 

•’ Biochem. J., 1921, 15, 654. 

’* E. P. 161,238 ; J., 1921, 406a. 

" J., 1921, 79k, 

“ Diet in Relation to Normal Nutrition, 1921, fi. M. Stationery Office. 

** “ AnaiyBes anil Energy Values o£ Foods," P.. H. A. Plimmer. H. M. 
Stationery Office, 192C. 

*’ (1) “ Heat Penetratiop in processing Caimed Foods,” W. D. Bigelow. 
G. S. Boshart, A. C. Richardson, and C. D. Ball. BuM. No. .16-L., Reaearch 
Laboratory, National Cannon' Association, Washington, D. C. August, 1920, 
(2)' “ Relation of Processing to the Acidity'of Canned Foods,” W. D. Bigelow 
andP. H. Cathoart.* Bull. No. 17-L. Jan., 1?21.' (3) “ The Thermal Death 
Point in Beiation to Tiine of Typical Thennophile Organisms,’, W. D. Bigelow 
and J. B. Ecty, Jourrtabof Infectious Diseases, 1920, 27, 602. , 
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certain strain of therraophiiic organism were destroyed in 1320 
minutes at 100" 0., 690 minutes at 105° (J,, 225 minutes at 110°C., 
54 minutes at 115° C., 23*minutes at 120° (I, 8 minutes at 125° C., 
3-5 minutes atr 130° 0.,* 1-5 minutes at 135° t’., and 1 minute at 
140° C. 

The time i-equired to destroy all the spores in a suspension of a 
definite strength is influenced to a oonsideraljl(^ degree by the 
acidity of thi! Ii(iuid., The greater- the acidity tire less the tirrre 
rerpiir-ed for sterilisation at. a givr-ri ternjrcratute. Bigelow gives 
data, in trrr-rns of values, for the acidity of a large trumber of 
foodstuffs, and it is noticeable that the p,, valurrs of all the natural 
foodstuffs exaritined are definitely uti the acid sidrr of rreutrality. 
For different fruits the values lie, for the rrrtrst jrar-t, between 
3-0 and 4-0, for vegetabhrs between 5-0 and (i-O, and for fish between 
()-0 and 7-0, althorrgh ther-e ar-e, naturally, indiviilual exee])tious. 
The acidity of most foodstuffs is found to increase slightly during 
" processing," and it, is suggested that this rrray be durr to several 
causes. Hitch as actual formation of acid substances, combination of 
aldehydie groups, c.g., in sugars, with the umino-grouirs of proteins, 
and removal of buffer substances by coagulation and preeipi- 
tatfon. 

It was firrther found that the initial concentration of bacteria 
jire.sent influences greatly the time re([uired. The greater the 
number of spores, the longer must the liquid be exposed to a given 
temperature to ensure complete! sterilisation. W'hy this should bo 
so is not clear. One would expoid tliat when once the conditioirs 
favourable to the destruction of a jrarticular bacterial species had 
been altaini'd, each indiv idual would be affected to tjje same degree, 
however rnanji w'mi pr'e.sent, or, at any rate, that the differences 
due to norrmil v'arialiori within the species worrld be incon.sider'ablc. 
This effect of bacterial concentration ha.s been noted by other ob.ser- 
vci's, and ('. Eijkmqu'** concluded that it was ilue to some protective 
action exerted by substances given off into the medium by the 
killed bacteria. 

I'ossibfy there may be some connexion between this protective 
action and the hyi»)thotical " X-substanec’’ assumed by T. B. 
Robertson to exist in bacterial infusions."* He finds that the 
multiplication of infusoria is accelerated by the addition of a 
solution in which bacter ia have been grown, even "though the latter 
have been killed by heat or ramoved by filtratioa, and argues that 
the effect must be due ho the presence of sopie soluble, non-volatile, 
thermo-stable product arising from the inhabitation of the medium 
by bacteria. He fm-ther finds that, while single cells of certain 
infusoria are readily killed by exposure to temperatures above 

** Biochem^Zeiis., 1008, H, 12. 

Biocitem. J., 1021, 16, 605. • 
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30° C., cultures containing a large number of individuals will 
survive continued exposure to considerably higher temperatures. 

In the actual “ processing ” of canned foods by steam-heating 
under pressure the time taken for the centre of the can to attain 
retort temperature varies greatly with different foods. Measure¬ 
ments were made with a copper-constantan thermo-couple placed 
in the centre of the can. which was then processed in the usual 
manner, and the temperature recorded at regular intervals of time. 
This method is the same in principle as that adopted by G. E. 
Thompson in 1919'“' Apart from the size of the can, which is 
naturally one of the chief factors influencing heat penetration, the 
nature and consistency of the food are of importance. Heat is 
transferred from the outside to the centre by convection and 
conduction. Where .the foodstuff consists of fairly large particles 
surrounded by an aqueous liquor, syru)), or brine, the transfer of 
heat by convection occurs as quickly as in pure water. Peas and 



Time In Minutca. 

Rate of heat penetration in “processing” of baked beans in No. 10 cans. 


runner beans are typical of this class of product,‘and heat penetration 
is comparatively rapid. The presence of starch in solution retards 
heat penetration until a concentration of aboiUt 6% is reached, after 
which increasing concentration of starch exerts no further influence. 
It appears probable that other colloids, such as gelatin in meat 
products, would have fjhe same effect. Foodstuffs which are in a 
pulpy or finely-divided state, such as spinach oi; tomatoes, by 
suppressing convection currents, greatly retard the rate of heat 
penetration, which then approaches more closely to true conduction. 
This is .strikingly shown in the curves giveh above which represent 

“ j-.nnd. Bn^ GHkm., 1919,11,657 ; J., 1919, 6S1a. 
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the rates of heat penetrswtion for baked beans in plain sauce and 
tomato sauce respectively when processed in No. 10 cans. 

The theoretical curves for the rate of heat penetration are’ 
logarithmic, that is t(\ say the rise of temperature in each short 
period of time is a constant fraction of the rise in the similar period 
immediately preceding. The actual* rates of heating are found to 
approach clo.sely the theoretical logarithmic curves. Other factors 
affecting the time required for processing arc the initial temperature 
of the food and the .s'Jrecd of rotation of the can. 

The thermal death time curves for the raosi resistant bacterial 
spores are also logarithmic in character. By combining the data 
for rates of heat penetration with the thermal death time curves, 
Bigelow deduces “ equivalent lethality (jurv'cs ” for each particular 
foodstuff in cans of a stated size. These curves .show the time 
required for processing the food at differerrt retort temperatures. 
The canner has thus for each foodstuff a definite range of time and 
temperature limits which will ensure 100% destruction of bacterial 
spores, and can select fyom them that combination which produces 
the best quality of product, with the assurance of a minimum loss 
from spoilage. 

•The above arc only a few of the interesting points dealt with in 
these reports, which should be studied by all who are interested in 
the manufacture and examination of canned foods of all kinds. 

In a special Report to the Food Investigation Board, W. G. 
Savage “ deals with the methods used for the inspection of canned 
foods and their reliability for this puiqiose. I’ractically all canned 
foods with the exception of evaporated milk are packed under 
more or less of a vacuum. 'Phis is effected either by sealing the 
tins in a vaeyim sealing machine, or by passing the filled tins 
slowly thrcfugh a’ .steam exhaust box and soldering the vent while 
the contents are still hot. Sometimes the central hole as well as 
the cap is soldered in the cold and the tins then put into the retort 
and given a shoft heating with steam. After removal from the 
retorts and while still very hot, the central soldered hole is momen¬ 
tarily dpened with a hot iron, and re-soldcrcd when the internal 
pressure has been .relieved. On cooling, the tins should therefore 
show concave coHapsed sides closely pressed against the meat or 
other contents. The tests employed for the inspection of canned 
foods before they arc passed for consumption, include “ palpation ” 
and “ percussion.” "Definitely blown ” or bulging tins, in which 
there is obvious pressure* due to bacterial‘decomposition, are^ 
readily detected by eye, but the less pronounced degrees of spoilage 
are apparent only by the feel of the tins and by the note emitted 
when they ar® tapped with the finger or with a piece of wood. The 

41 •! The Methods uW tot the Inspection of famfed Foods and their 
Reliability for*this Purpose," W. G. Savage, H. M. Stationery Office, 1920. 
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“ palpation ” tost in the hands of an esperienced inspector serves 
to detect springiness in the tin, that is to ,say, the vacuum has been 
lost and the tin is no longer closely adherent to the meat. This loss 
of vacuum can be due only to access of air,or to production of gas. 
il’he sam6 defect is indicated by the “ percussion ” test. If a sound 
tin be tapped it emits a dull ntde, but if the tin and the meat be not 
in contact at any point, the note is tymjianitic. A further test is 
that of .shaking the. tin, when a characteiistic sound is heard if the 
contents be semi-liyuid or slo])j)y.'' jSavage* subjected to bacterio¬ 
logical examination a large number of canned meats which had been 
rejected by the trade, or by Food Inspectois of Poit Sanitary 
Authorities, for one or other of the above reasons, and found that 
in the gr(^at majority of cases tln^ contents of the condemned tins 
were sterile. Tn other eases the bacteria jiresent were .scanty and 
unimpoitant and could not be .said to have rendered the meat 
unlit for consumjition. While "blown” tins, showing evidence 
of internal pre.ssure, are definitely unfit for food, it does not follow 
that tins which have lost their vacuum through minute leaks arc 
unsound, although they may perhaps be classed as potentially 
unsound. Figures are given in the Rejtort showing the annual 
wastage of canned meat at the ports, and it. is suggested that it 
might be practicable materially to reduce this wastage by replacing 
sound meat in tins and re-processing it. 

While it is generally accepted that the " blowing ” of tins is due 
to bacterial action, H. Serger" considers that in many cases it may 
be caused by the evolution of hydrogen from the action of acid foods 
on tin-plate. He gives analyses of the gases found in a number of 
blown tins containing vegetables. Carbon dioxide and nitrogen 
were usually pnodominant, but in certain cases as much as (50% of 
hydrogen was present. It would seem, how ever, iughly impro\)able 
that the presence of hydrogen can be attributed to the action of 
acids on the tin.. If this were so one would expect to find pressure 
develo 2 >ed in the greater number of canned foods', especially caimed 
fish, which often contains considerable (luantities of tin. A. C. 
Chapman, in 1913,** showed that tin was slowly dissolved b/tartaric 
acid in presence of a small quantity of oxygcn„w ith the formation 
of stannous tartrate, and it is iiossiblo that thfcrc is sufficient air 
or dissolved oxygen in most canned foods to account for the solution 
of tin in this tv'ay without evolution of hydrogen. 

With modem methods of manufacture and inspection of canned 
foods the normal Idss from spoilage can, by the exercise of constant 
vigilance and attention, bcs kept down to 1 -6% or less. If inspiection 
be defective, the spoilage may be very high, and it is jlossible that a 
certain amount may reach the consumer in a statp more or less 

Z. Unters. ifahr.J^enuasm,, 1921, 41, 49. 

« ahem. Soc. Trane., 1913, 108, 775. 
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unfit for consulnption. It is important, therefore, to enquire what 
is the effect on the healfh of the consumer of food which is in a 
state of incipient or active decomposition. From experiments 
carried out on kittens. Savage** concludes that, although certain 
bacteria associated with putrefaction, such as B. prblens, are 
pathogenic when injected under the'skin, they appear to Ije quite 
harmless when fed to animals. Most of the putrefactive anaerobes, 
such as B. sporogenes and B. putrifievs, are harmless both when 
injected and when ft‘d. Qbe evidence as to the toxicity of the 
so-called “ ptomaines ” and piotcin degradafton products rests 
entirely upon injection experiments, and there is no evidence that 
they have any material toxicity when introduced by the mouth. 
Food poisoning outbreaks arc due to specific food-poisoning bacteria 
or their specific toxins, and no outbreaks have yet been recorded 
as originating fioni the consumption of food in a jmtrefying con¬ 
dition, unaccompanied by these specific bacteria. At the same 
time, as Savage points out, it is not safe to assume from experiments 
on kittens that tainte(^ food is perfectly harmless to man. The 
animal experiments showed some loss of weight and disturbance of 
nutrition with the very large doses given, and the intestine of man 
H»ay be particularly sensitive to such influences. Moreover, if 
food be found to be decomposed it has evidently been exposed to 
conditions favouring bacterial infection and such infection may 
include the specific bacteria associated with lood poisoning. Savage 
cites, as a closely parallel instance of the conflicting views regarding 

general and sjtecifie causation of disease, the incorrect and 
exploded hypothesis that bad drains and drain air are the actual 
cause of diphtheria outbreaks, w'hereas it is now recognised that 
such outbreak^riginate with an infecting case or sontaet. 

'ttie alleged toxicity of badly blown canned foods has also been 
investigated by Serger in the paper referred to above. Mice, rats, 
and rabbits fed on these foods remained *in good health in almost 
all cases. ’ 

In a Report to the Ministry (rf Agriculture and Fisheries on the 
methoSs of fish-canning in the British Isles, J. Johnstone™ reviews 
the present stato»of the industry in this country. Although the 
position of these'islands as regards seaboard and access to fishing 
grounds would seem particularly favourable to the development 
of a flourishing fish-canning industry, we are appare'ntly far behind 
foreign countries in this respect. Possibly this is clue in some 
measure to the seasc|pal distribution of the sprat, which is the ideal, 
fish for a canning industry. British spfats are caught only in the 
winter and the summer sprat is unknowm. In Norway, on the other 

*• J. Hygiene, 1921^ JO, 09. 

“ “ The'Methocis of Fish'Canning in England,” J? Johnstone ; Fishery 
Investigations’, Series 1., Vol. II., No. 1,1921. H. M. Stationery 06Soe. 
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hand, the sprat comes into the fiords imthe summlsr and autumn, 
and when caught at this period of the y.ear is superior in quality 
to the winter fish. Whether we have here to do with two different 
tyjies of fish, or whether the British sprat,migrates in summer in 
search of the richer micro-crustacean fauna of the Norwegian fiords, 
is not,clear. 

Setme interesting analyses are given, showing the seasonal variation 
in the composition of herrings, sprats, and mackerel. Not only is 
there a seasonal variation in the amount of ;{)rotein jiresent, hut it 
would seem that the actual composition of the protein, as indicated 
by its varying nitrogen content, is subject to seasonal fluctuations. 
No doubt this is due, in great part, to the annual building up of a 
considerable mass of highly nitrogenous phosphorised protein into 
the substance of the ova or spermatozoa. 

Still greater variations arc found in the proportions of water and 
fat. An April herring from the Isle of Man may contiiin as little as 
1-7% of fat, while in August the fat content goes up to 29-7%, the 
water content varymg in inverse proportion. In sprats the per¬ 
centage of water plus fat is nearly constant, being roughly 80-5. 
The most abrupt change in composition occurs, of course; during the 
spawning period. ' 

The “ maturation ” of canned fish is another interesting point 
discussed in this report. Pilchards, herrings, and sprats preseiveil 
in hermetically closed tins must “ mature ” for at least six months 
before they attain their best condition as food pioducts. In some 
cases the process of maturation is said to proceed during five yel&s 
or longer. The crude and “ raw ” taste characteristic of the freshly- 
packed fish disappears on maturation. The bones become friable, 
the flesh soft afid pasty, and the flavour improves very notably. 
Maturation can hardly be due to the action of intracellular enzjroes, 
which would probably be destroyed at the high temperature of 
cooking and sterilisation. Moreover, maturation does not appear 
to be accelerated by keeping the tins at temperatures' favourable 
to enzymic action. It is possible that the effect may be due to 
the action of thermophilic bacteria, but this would in all protability 
be accompanied by gas development and blowing of the tins. The 
suggestion is made that maturation may be due to the catalytic 
action of the tin dissolved from the inner surface of the can. It is 
well known that cajmed fish proflucts often contain an abnormally 
large amount of tin^ the quantity increasing with age until the tin 
.coating is sometimes found to have befen completely stripped from 
the iron. ' , 

Johnstone expresses the opinion that British factory methods 
are^ with the exception of the best class of summer-packed East 
•Coast herrings, capable of much improvement. Morn care is re¬ 
quired to the selection of the fish, the mechanical ^lacking, the 
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quality of the oil employed, and the ^aricty of condiments used. 
Given the necessary improycmcnt in methods, the British summer 
or autumn hening is at le^st as good material for canning as any 
other foh throughout thq world. 

In the Report of the Rood Investigation Board for 1920 Is given 
a general account of work in progress on the chemical cl\iingcs 
occurring in treated and untreated herrings. A method for the 
determination of trimeth)’lamine has been worked out, based on 
Foreman's alcohol titi'iftion method,'^* and the part played by this 
substance in detennining the quality of herrings is being studied. 
Concurrently the causes of maturation are being investigated, and 
it has been asceitained that while the matured product shows a 
large incrca.se in volatile bases and organic acid radicles, the increa.se 
in amino-aeids is not so great, indicating that extensive proteolysis 
does not occur. 

Cold Stoeagk. 

The importance attached to questions of cold stoi'age of foodstuffs 
is shown by the fact that? of the six Committees organised by the 
Rood Investigation Board no less than four arc concerned chiefly 
with this subject, A Low-Temperature Research Station is being 
established at Cambridge and should .shortly be ready for work. 
In an interim Rcjjort of the Rish Preservation Committeethe 
question of dealing with large gluts of fish is considered. Rapid 
freezing in cold brine is far jneferable to slow freezing in air. The 
time required for brine freezing is only one-tenth to one-fifteenth 
of that needed for freezing in air, and there is far less opportunity 
for differential freezing of the various constituents, u ith the result 
that on thawing, the flesh is in practically the same condition as 
when ifresh, no se^J»ration of the juices having occuAed. In fact, 
it is stated that the living muscle of a frog is not killed by very rapid 
freezing. Sev eral points of interest arc dealt with in tjiis Report, 
among them the curious phenomenon of drying* in cold store. 
Although the vapour tension of ice at 0° C. is only 4-6 mm., there 
is a definite, though slow, evaporation of moisture from the food¬ 
stuff. In* general, owing to faulty insulation, the temperature of 
the chamber and of*the foodstuff is somewhat higher than that 
of the freezing pipes. Water vapour will therefore pass continu¬ 
ously from the foodstqff to the pipes, on the surface of which it 
condenses in ice crystals, so that on prolonged storage tlic foodstuff 
becomes almost completely deprived of moisture. This can, of 
course, be avoided to «ome Extent by glazing the fish or other 
foodstuff with a thin coating of ice, by freezing it in a solid ice- 
block, by wTapping each article in glazed paper, or by packing in 

“ F. W. Foreman, Bioch^. J., 1921, 14, 461; J., 1920, 613a. 

“ Food InvdBtigation Soard, Special Beport, No. fe. M. Stationery 
Office, 1920. * 
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boxes lii.i'il with glazed paper. All tiiese meUicWs mean more or 
less increased cost and labour, which have to he considered w'heii 
dealing w'ith a sudden glut. It is clejir that one of the w ays in 
which drying may be minimised is by.moie eflieient insulation, 
and this has tieen dealt with by the Engineering Committee in a 
Report to the Food Iniestigation Roard.-’-' Their finding.s, that 
the heat How through insidatois d('pei\ds ujion the I'elative jirepon- 
derance of eondiadion through the aeiiial solid particles and of 
convection bj' ipeans of the intervening dir spaces, are strikingly 
similar In the results obtained by Bigelow for heat jametration 
in canned fir ds, referred to above. 

In a su])plenu nlary note to t)te Report o lereiiee is ma<le to an 
insulating material consisting of rubber evp.. led by gas into a 
highly cellular form. The rubber is ]. p; mI o ideanisation 
under high ga.seous' jtre.ssure amonntiii!. to i-. ii.' Ii a- ''0 atmos¬ 
pheres. The pressure is griu'ually ri li eci du, a ,■ tl. cooling 
stage, giving a product peni't ittd wiib uinm ■ ^ ci 11s, each 
enclosed bj' an unbroken merabr.inc of r,;i. “r 1 ■ teat conduc¬ 
tivity of this matcri.al is stated to be I >wei tlian t..<i' of tork, or of 
any other sub.stanee studied in fin (ourse of id mi' '1i,;ation. 

The freezing of fish is the subject of two jiatent^ planted h.) the 
Imperial Trust for the Eneuuiagement of fieientitie and Industrial 
Research.''* 

The “ black spot " fungus of cold stores, to which reference was 
made in last year’s Annual Report, and which was originally 
investigated in 1910 by J. M. Hamill and G. Masscc, on behalf of 
the Local Government Board, is the suhject of a special Report 
to the Food Investigation Board.®* It appears that this fungus 
grows best oli meat at a temperature of 0‘' ('. oi' just below it. At 
temperatures slightly above freezing-point bacterial growth on the 
surface of the meat is usually so vigorous as to inhibit more or less 
completely the development of the fnngu.s. 

i^lorage of Fruit. 

« 

Investigations into the processes which occur during the ri] tning 
and preservation of fruit arc being conduii,ted by a number of 
workers. M. W. Onslow's work on oxidases was dealt with in the 
Annual Reports for 1919 and li(20. She has since examined a large 
number of plants and fruits for the presence of the catechol 
oxygenase system.®* This system pf ferments causes post-mortem 
changes in flavour an4 colour, and it is oMly those fruits which are 

Food Investigation Board, Special Report No. ti, 1921 (E. (IritfithF!). 

“ E.P. 154,260 and 154,669 ; J., 1921, 95a. 

®® J, Hygiej^, 1912, 18, 489. Food Invost^gation Board, Special Report 
No. 8.1921, F. T. Brooks and M. N. Kidd. 

« Biochem. J., 1921, 16, 107, 113, 



FOODS. 


491 


lacking in the co/nplete system, such as the strawberry and currant, 
which can he kept in a coivlition satisfactory for jam-making when 
frozen in contact with air., 

Some remarkable results have been obtained by the “ gas ” 
storage of apples." It is well known that fruit on storage continues 
to respire in much the same way as growing plants, oxidation of 
the tissues occurring with evolution of carbon dioxide. If the 
fruit be stored in an atmosphere containing a higlr concentration 
(14%) of carbon dioxide, and a correspondingly low proportion 
(8%) of oxygen, loss of reserve material by respiration is greatly 
reduced. The apples, moreover, are, less susceptible to attack by 
moulds, and the changes in composition in respect of sugars and 
pt^ctin aie similar to those occurring in cold storage. Gas storage 
doubles the Mfo of apples as compared with ordinary storage in ah'. 

F. Tutin has found that th(' pectin of apples when acted upon 
by alkalis yields sodium pectatc, acetone, and methyl alcohol.'’" 
The action of the enzyme pectasc in presence of chalk results in the 
formation of gelatinous ,calcium pectatc, together with methyl 
nlcohoi and ac(donc. Tutin draws attention to the fact that both 
metiiyl alcohol and acetone have been found to be present in cider, 
beir^g doubtless derived fi’oiu the pectin of the apple juice, and 
K. O. von Liippnmnn'” attri1)utes life pre.sence of methyl alcohol 
in rum to the decomiiosition of jiectin deiived fium the sugar cane. 
As much as 7-5-8-5% of met^iyl alcohol was found in three samples 
of rum. 

AfilDlTV OF FoOn.STUFFS. 

Methods of c.stimating the acidity of organic mixtures in terms 
of the actual concentration of hydrogen ions have hitherto been 
confined in the -^rjain to bacteriological ami bioefiemical work. 
In food analysis it is usual to determine acidity by titration, and 
to cxiiress it eit her in tm iiis of the amount of standard alkali required 
for neutralisation to ciu tain indicators, or as a percentage of the 
particular acid to which the acidity is mainly due. While in many 
oases this method may still be preferable, there is little doubt that 
for some purposes a knowledge of the actual concentration of 
hydrogen ions in tljt- solution is of far greatiT significance. Two 
methods can be employed, one depending on the use of the hydrogen 
electrode and potentiianetcr, and the other on the eniployment of 
a range of indicators so chosen that the colour change of each 
occurs at a difreyent point in the scale of acidity. The former 
method possesses the disadvifntage of requiring somewhat compli¬ 
cated apparatus and exact observance of delicate manipulative 
details, whfle the latter, although admirably adapted for use with 

Report of ^'ood Investigation Board for 1920, p. 18. 

“ Biochem.V., 1921,494 ;V., 1921, 746a. 

Biocltem.2eits., 1920,106,236. 
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colourless or slightlv coloured solutions, is useless nhen the liquid 
is very dark. The dialysis indicator qiethod, in nhich the liquid 
is dialysed through a collodion memljranc against 0-9% sodium 
chloride, and the j)„ value determined, hy means of indicators, 
on the dialysate, would seem to overcome the difficulty with coloured 
solutions.®” 

N. I'lvers” has given a useful table of indicators adapted for 
approximate determinations in a commercial laboratory, and the 
writer®” has dealt with the practical application of the electrometric 
method, ft will he noted that one of the indicators used by Evers 
is bromocresol pu]q))e, the employment of which in the routine 
examination of milk samples was referred to in last yeai ’s Report. 
L. Michaelis®® adopts a different method of wanking with indicators. 
He prepares a series of tubes containing aarying quantities of 
m- and p-nitrophenol and a- and 7 -dinitrophenol, each in a measured 
quantity of sodium carbonate solution. There is thus available a' 
set of indicators from among which oni' can be found that gives a 
medium tint, neither deep yellow noi\eolourless, when one c.c. 
of it is added to 6 c.c. of the liquid to be tested. The acidity of 
the liquid is then found by i-cfercnee to a table. The range given 
by this series of indicators is from p„=2-y to 84. <• 

According to W. Ostwald and A. Kuhn®® the acid taste of a liquid 
does not depend only upon the hydrogen ion concentration. The 
extent to which a particular acid causes the swelling of gelatin, and 
the presence or absence of salts and buffer mixtures have a con¬ 
siderable effect on the acidity as estimated by taste in solutions 
possessing equivalent hydrogen ion concentrations. 

That the intensity of taste of a substance does not necessarily 
run parallel v.ith the actual amount of it in solution is shown by 
T. Paul in an investigation of the sweetening' power of saccharin 
and dulcin.®® Saccharin is usually stated to have a sweetening 
power 450 times, and dulcin 250 times that of ciinc sugar. Paul 
shows that this relationshijr varies with the ‘concentration. The 
more dilute the solution the greater is the sweetening power of these 
substances relative to that of an equal concentration of cane sugar. 
Thus the sweetening power of saccharin m^y vary according to* 
concentration from 200 to 700 compared with'cane sugar as unity, 
and that of dulcin from 70 to 350. A mixture of 280 mg. of 
saccharin ahd 120 mg. of dulcin in one litre o? water has a sweetening 
power equal to ‘that of 535 mg. of saccharin per litre, although 
®® B. Kramer and C. H. Greene, J. Eiol. Ohem., 1921, 46, 42 ; J., 1921, 
317a. I * 

Analyst, 1921, 46, 393; J., 1921, 873a. 

Analyst, 1921, 46. 316. 

WocL Brau., 1921, 88. 107 ; J., 1921, |90a. 

•* KoUoid-Ziits.,,1921, 29. 266; J., 1021, 8tf7A. 

«® 'Ctum.-Zsit., 1921, 46, 38, 705 ; J., 1921, 128a, 601a®. 
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duloin alone is niuch less sS'eet than saccharin. It is of interest 
to note that, according to*S. Furukawa,®* the sweetest compound 
known is a-antiperillaldoximo, which is 2000 times sweeter than 
sucrose. This substance,is a derivative of i)erillaldehyde, a con¬ 
stituent of the essential oil of Ferilla Nankinensis. ’ 

L. Griinhut®’ draws attention to the occurrence of Isevplinic 
acid, CHs.CO.GHj.CHa.GOOH, in many soup extracts prepared 
from vegetables. Lsevulinic acid results, together with formic 
acid, from the action of mineral acids upon hexose sugars, and 
is therefore to be found in many foodstuffs if their preparation 
has involved the use of mineral acids. The method of estimation 
depends upon oxidation by means of chromic acid to acetic and 
carbonic acids, the mixture being then distilled and the acetic acid 
determined by titration. Allowance must be made for formic 
and acetic acids present as such in the foodstuff, and special 
precautions are necessary if lactic acid be present, since this acid 
is also oxidised to acetic acid under the same conditions. 

Milk and Dairy Products. 

The disposal of whey from cheese factories appears to be a matter 
of cbnsiderable difficulty. According to W. G. Savage®* there has 
been a considerabh^ development of milk depots and factories 
in the West of England during the last few years. Many of these 
factories convert the surplus piilk of the summer months into cheese, 
with the result that there is a large quantity of whey to be disposed 
of. Whey consists of an approximately 6% solution of lactose, 
together with smaller quantities of lactalbumin, fat, and salts, 
and on keeping undergoes lactic and butyi’ic fermentation. Ob- 
\dously the mctlj/id frequently adopted of running jt into streams 
is opdh to sefious objection. Apparently the quantity which can 
be disposed of by feeding to pigs is limited by various considerations, 
and it is not at present remunerative to evaporate wlicy for recovefy 
of lactose. Apart from the administrative and sanitary questions 
involved, it seems a pity that such large quantities of potentially 
valuableTnaterial should be wasted, and a method for the economical 
recovery o1 lactose (g- lactic acid from whey would be of great value. 

The manufacture of lactose from whey is the subject of two 
recent patents,®* in which the precipitation of lactalbumin prior to 
evaporation is effected by the addition of an alkaline sulphite or 
thiosulphate. The latter, in piesencc of the free' acid of the whey, 
gives rise to negatively charged colloidal sulphury which precipitates 
the positively charged albumin. In another patent’® it is suggested 
•' J. Tokyo Ghem. Soc., 1930, 41, 706. 

” Z. Unters.,Nahr. Oenuasm., 1921, 41, 261 ; J., 1921, 713a. 

•® The Medical Officer, Hov. .'ith, 1921. 

•• E.P. 164887 and 163,937*; J., 1921, 403a, 623a, 

™ G,P. 328,782; J„ 1921, 365a. 
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that sour whey should be utilised as a feeding stKffby incorporation 
with straw which has been subjected to alkaline hydrolysis. 

The application to milk analysis of. methods depending upon 
osmotic pressure has attracted a number of workers at various 
times. ‘There is good reason to believe thal milk, at the moment 
of itsiproduction in the mammary glantl, jrossesses the same osmotic 
pressure as that_ of the blood, from which it is separated in the 
gland by a seraipermeabk^ mendwnne. The osmotic pressure of 
mammalian blood-serum is remarkably constant. It has been 
shown that the osmotic pressure of milk, as measured by the 
freezing-point, is the least variable of all the analytical .and physical 
data .and affords the most .accurate means of deteeding the fraudulent 
addition of water. 'J’he determination of the freezing-])oint does 
not readily lend itself to the routine e.xanunation of milk samples, 
and, moreover, it ik u.sele.ss if lactic acid fermentation has com¬ 
menced . The osmotic pressure of fresh ndlk is due mainly to lactose 
and chlorides, and Mathieu and Ferre's figure, based on the percen¬ 
tage of these two constituents, ap])cars to. be widely used in France 
for the detection of added water.'’ 11 is doubtful, how ever, whether 
this figure takes sufficient account of the comple.x n.ature of the 
soluble constituents of milk, and the information given by it would 
seem to be little superior, in i)oint of accuracy, to that given by a 
determination of non-fatty solids. 

It might be possible to devise a formula, based on the determina¬ 
tion of several of the soluble constituents, which would indicate, the 
amount of added watei' with a near approach to accuracy, but the 
analysis rvould have to include many other substances besides 
lactose .and chlorine. 

In connexioM with the composition of milk,, at ten! ion may be 
drawn to the apj)lieation to analytical records of the methods used 
by statisticians, and successfully employed for many years in 
agricultural research." The variations in the composition of 
naturally occurring foodstuffs, whether of plant or animal origin, 
are due primarily to physiological ciiuses and follow more or less 
closely the regular laws of variation. For most purjioses average 
figures, or ranges of figures, are taken as representing the normal 
compo.sition of the foodstuff in question, and samples falling outside 
these limits are classed as abnoimal. In the m.ajority of cases they 
are prob.ably‘not abnormal, but arc a necessary consequence of the 
laws of normal variation. Unfortunately the ^correlation of a 
large number of Ji^ures by statistical methods is a laborious pro¬ 
ceeding, not to be lightljf undertaken, but there is little doubt that 
the application of sUch methods to the mass of analytical data, 
more especially as reg<ards milk, which have now been accumulated, 

” A. August, .inn.,Falsif., 1921,14, 204! 

” G. W. Mouior-Williams, Anali/st, 1920, 46,203. 
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would throw freih. light on the extent of the Variations to be 
expected, and must ultimatroly be of assistance in determining the 
causes which lead to such v,ariations. 

W. N. Stokoc’’ has jeiblishod the results of a long series of 
investigations on the rancidity of butter and margarine fat’s. He, 
finds that rancidity in theses fats is caused almost wholely by the 
action of micro-organisms. In pure fats the ])roliminary hydrolysis 
leading to sub.sequent oxidation and rancidity is brought about 
by moisture, air, and light, assisted to some extent by traces of 
lipoclastic en/.ymes which have withstood the high temperatures 
of refining. Micro-organisms arc not concei-ned in the production 
of rancidity in pure fats, and if introduced into the fat they quickly 
die, since the fat, being insoluble in water, cannot afford nutriment 
to the celLs. In butter and margarine, however, vhich coittain 
water and milk solids, the conditions are different, and several of 
the commoner species of moulds and spore-forming Jiacteria w’ere 
found to be concerned in producing various forms of rancidity. 
Mould spores in fats and oils appear to be very resistant to high 
temperatures, being abk; to survive a temperature of 150°-170° 0. 
for several hours, and infection is liable to occur also during subse¬ 
quent filtration of the oil and working and packing of the margarine. 


I'loo Powders and Baking Powders, 

It might be held at first sight that the terms “ egg powder ” and 
" powdered egg ” should refer to the same product, but this is by 
no means the case. Several '' egg powders ” have been examined 
by P. P. Beach, I’.y'l. Needs, ami E. Russell’* and itjvould appear 
that tlfis nanufhas' for many years been applied by the trade to 
ordinary baking poviders coloured yellow. It is only since the 
recent introduction of dried powdered egg that ambiguity haS 
resulted. 

An ingenious method of rendering a baking powder stable to 
moisture ft that of coating the particles of one or both ingredients 
with, a film’ of solid cellulose acetate or formate. At the baking 
temperature the celKiIose esters are decomposed and the ingredients 
of the powder can react.’® 

It appears that both lactic and mucic acids are uSed Ur some 
extent as ingrediegts of baking powders, and a test for lactic acid, 
depending on the red cqloratidn produced with shlphuric acid and 
guaiacol, is given by L. Hart wig and R. Sahr.’® 

" J., 1921, 75t. 

’* Analyst, 192l, 46, 279 1921, 634a. 

’» G.P. .336,065; J., 19tl,599SiL. 

’• Gliem.-Zeit 1921,45, 322; J ., 1921, 368a. 
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Metals in FooneTurrs. ■ " 

Data as to the presence in plant anii animal tissues of minute 
amounts of metals and other elcmciits are always of interest 
owing .to their possible connexion with catalytic or enzymic pro¬ 
cesses. J. S. Jones and D.' E. Bullis” find that many of the com¬ 
mon^ grown leguminous plants contain manganese, in amount 
varying from ()'C()1.5 to 0-()140% of the aii-dricd substance. The 
largest (quantities were found in the leares. Cl. Bertrand and 
M. Rosenblatt’®' find that manganese is present in appreciable 
quantities in practically all plants. Bradley, in 1907, showed that 
many fresh-water molluscs contain manganese, which he believed 
to be derived from certain diatoms capable of absorbing the metal 
from dilute solution in water. He suggested that this element 
may possibly be concerned in some way with the respiratory 
functions. The relationship of manganese and iron to the peroxi¬ 
dases of plants has been discussed by Bayliss in his monograph 
on the nature of enzyme action. 

Zinc is another metal widely distributed in foodstuffs. G. 
Bertrand and R. Vladcsco’® find it to be present in a number of 
terrestrial and marhu! vertebrates, the quantity being at a maxipium 
in the early stages of growth. It is well known that oysters may 
take up relatively large quantities of zinc, copper, and other metals 
from solution in water, and traces of these and other elements 
appear, as pointed out in last year’s Report,' to be normally present 
in most plant and animal tissues. The presence of these metals 
may, of course, be purely adventitious, and in no way connected 
with metabolic processes. It is possible that many such substances, 
existing in solution in the soil water, may be drawn up into the sap, 
and may tend to accumulate in those parts of the plant, such as 
the leaves, where the greatest amount of evaporation occurs. 
Any element which is present in the soil may thus be found in 
vegetable foodstuffs, and eventually in those of animal origin, 
without being necessarily associated with a definite function in 
metabolism. 

Feeding-Stufes. 

Work has been continued in Germany on the alkaline digestion 
of straw, with a view to increasing its feeding value.*" Although 
the simpler polysaccharides and carbohydrates present in the 
straw are, as would be expected, partially destroyed by alkaline 
hydrolysis, especially under pressure, it is found that the feeding 

” J. Ind. Eng. Chem., 1921, 13. 524. 

Compfeorejid., 1921,173, 333; J.,.1921, 633a. 

• ’• im., 1921, 172, 768 ; 173, 176. 

• »» Landw. V'ersuohs.Stat., 1921, 97. 56 ; 98, 1, 43, 126, 249 ; J., 1981, 
823a. 
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value ui luo si/i,aw is laised. This is considered to be due to the 
removal oi incrusiing materials such as silica and lignin, and to a 
loosening of the cellulose fibres, whereby they are rendered more 
susceptible to attack by intestinal bacteria. 

E. C. Sherrard and G: W. Blanco*' describe the preparation of a 
feeding-stuff by the hydrolysis of sawdust with dilute sulphuric 
acid under pressure. This method is essentially the same ao those 
which have been employed in the United States for the production 
of alcohol from wood waste. Although the content of reducing 
sugars is stated to be raised by this treatment from nil to 16% 
it is probable, according to A.Wohl and K. Blumrich,®* that when 
cellulose is treated with dilute acids, the reducing sugars which 
pass into solution interact, on continued heating, with the residue, 
and form highly resistant reversion products. These might bo 
less easily digestible than the original cellulose. 

G. Laupper““ puts forward a theory to account for the self- 
heating of hay in stacks, according to which bacterial action is 
not concerned in the process. He suggests that moisture is able 
to activate the oxidases present in dried green hay, w ith consequent 
chemical action and evolution of heat. The sequence, of reactions 
assumed to occur is a complicated one, involving the production 
of ammonia, its oxidation to nitric acid, the action of ammonium 
nitrate on the carbon of caramelised sugars, and eventually the 
formation of pyrophoric manganese. 

The determination of crude fibre by alternate acid and alkaline 
hydrolysis, is the subject of an investigation by 0 Nolte ** He 
emphasises the importance of adhering strictly to standard con¬ 
ditions, since the results are greatly influenced by variations in the 
way in which the hydrolysis is carried out. Even the size of the 
basip and tlip rflre of boiling affect the results, and'the more finely 
ground the sample the lower is the amount of crude fibre found. 

A useful paper by A. Smetham and F. R. Dodd** discusses the 
valuation of feeding-stufls in terms of their “ starch equivalents,” 
and gives analyses of a large number of feeding-stuffs w'hich have 
come under notice during the last few years. 

“ J. Ind. Eng. C/iem., 1921,18, 61 ; J., 1921, 192a. 

** Z. angew. Chan., 1921, 84, 17 ; J., 1921, 158a. 

** Landw. Jahrb. Schweiz, 1920,34, 1 ; J., 1921, 363a. 

•* Landw. Vers.-Stgt., 1920, 98, 326 ; J., 1921, 57a. 
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SANITATION AND. WATER PURIFICATION. 

« 

By H. T.. Calvert, D.8c., Ph.D., F.I.C., 

Chemical Inspector, Ministry of Hexilth, Ijondon. 

Durinc) the year under review progress in sanitation and water 
purification has t)een considerably hampered by several economic 
factors. In the early part .of the year the high cost of labour and 
materials was the principal factor ; then followed a coal strike 
lasting for three mohths, and a period of trade depros.sion which 
has not yet passed. During the later months of the year, however, 
acute unemployment led to the formulation by local authorities 
of proposals to carry out various works for its relief, and among 
these works many schemes of extension to sewage dispo.sal works 
and improvement of water supply were included. Ktatc financial 
aid has been available for carrying out such work and the year 
ended with a period of considerable activity. Scientific progress 
has not been of a revolutionary character, but has consisted mainly 
in the accumulation and application of further knowledge of the 
processes involved in the “ activated sludge ” or “ bio-aeration ” 
method of sewage treatment. 

Sanitation. 

As in laist y«iar’s Report, it is proposed under this headiijg to 
refer to the treatment of sewage and liquid trade refuse, the preven¬ 
tion of river pollution, the disposal of towns’ solid refuse, and 
disinfectants. 

Sewage. 

With regard to the well-known processes of sewage trfeatment 
on land and by means of artificial biological filters there has been 
no increase in knowledge during the year. Some local authorities 
have extended and are extending existing plant, whilst others 
have held badk in view of possible developments of the activated 
sludge process. In some cases the presence of trade refuse in the 
sewers has caused'considerable difficulty at the" sewage works. 
This has been notably th(3 case in rural districts where the dairy 
industry has been esfciblished and extended, and whete whey and 
milky washings from the factories have been discliarged to the 
sewers. In several instances sewage land 'has been rendered sick 
and percolating ffltero have become sludged up. 
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In July the Mfcietry of Bbalth, as a result of preliminary confer¬ 
ences with those interested in the treatment of sewage and trade 
refuse, issued a circular letter to local authorities, inviting their 
co-operation in an attempt to keep in close touch with any develop¬ 
ments taking place in these subjects. The response has b^n very 
satisfactory, and it is the intention of the Ministry to issue iqjterim 
or annual reports upon the matter, with the concurrence of the 
local authorities concerned. 

It is to be hoped that the opportunity afforded by the drought 
during tho year has been taken by local authoi'ities to make gaugings 
of the dry weather flow of sewage reaching their sewage disposal 
works, as the importance of obtaining such gaugings is too frequently 
overlooked. In the case of manufacturing towns, however, there 
are two other factors which must have had an influence upon the 
volume of sewage ; these are that, owing to bad trade, the volume 
of trade refuse has been diminished, and ov ing to the drought 
supplies of water have in some cases been curtailed. 

The results of investigations which have been carried out in 
recent years on the activated sludge or bio-aeration method of 
sewage treatment, are now bcgimiing to be apj)licd on a large 
scala at various centres, and the Ministry of Health have sanctioned 
the raising of loans for the purpose of carrying out sewage disposal 
works on these lines by the Corporations of Reading, Stoke-on- 
Trent, Rotherham, and Shsfficld. There is, however, need for 
much further experimental work before it can bo said that the 
process is as widely applicable as the percolating filter method of 
sewage treatsnent. In the case of ordinary domestic sewages 
there is now no doubt that it is possible to produce a satisfactory 
effluent by the pit^eeas, either by blowing air through («• by agitating 
the m&turc ol scw.ige and activated sludge. In the case of sewage 
containing varying (quantities and qualities of trade refuse it is n 0 |(; 
possible to pronounce an opinion without preliminary experiment 
in many cases, though the experience at Sheffield, Worcester, and 
Manchester indicates that certain proportions of waste pickle from 
metal wofks, brewery refuse, and dyeworks refuse respectively are 
without infiibitory effect. Discharges of oil into the sewers have 
been shown to have an inhibitory effect on the process, both at 
Sheffield and Manchester, but it is not yet clear whether the oil 
coats the surfaces of t£e particles of sludge or whetheV it forms a 
thin film on the surface of the liquid, ana thus prevents proper 
oxidation. Probat)ly Ijoth factors play a part in the distinct 
inhibitory effect produced. ' 

It must be said, however, that up to the present no works have 
been operated cm a large scale’to deal either with the whole, or a 
definite proportion of the fvhole, flow of sewage upto«three times the 
dry-weather flaw, though steps in this direction are now being 

.21 2 
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taken with the unit at Sheffield to wjiioh refej-ence was made in 
last year’s report. The preliminary results obtained in working 
this plant have been given by J. Haworth and F. W. Hodgkinson^ 
in a paper read at the Annual General Jteeting of the Institution of 
Municipal and County Engineers, The works at Worcester were 
descr,ibed at the same meetihg by W. Ransom.^ Both the Sheffield 
and Worcester works remained in continuous operation throughout 
the year, cxcepfl’ that the latter were stopped for a short period 
during the coal strike. After this stoppage the period necessary 
to bring the wofks into effective operation again was only some 
three weeks. 

The unit plant installed by W. H. Makepeace at the Tunstall 
Sewage Works of the Stoke-on-Trent Corporation has also continued 
to yield satisfactory results, and this Corporation now propose to 
instal a unit plant at their Hanley Sewage Works in order to relieve 
the over-taxed existing purification works. 

The unit continuous-flow plant installed by E. Ardern at the 
Davyhulme Sewage Works of the Manchester Corporation has 
now, after several set-backs, been brought into operation and is 
working at the rate of three quarters of a million gallons per day. 
The results will no doubt be published in the forthcoming Annual 
Report of the Rivers'Department of tho Corporation, and there is 
no reason to doubt that they will be satisfactory. The experimental 
plant constructed by J. I). Watson fof the Birmingham, Tame and 
Rea District Drainage Board, has continued in operation, and much 
valuable information has been collected, but this has not yet been 
published. 

Several Corporations are now experimenting with a view to 
testing the applicability of the process to their Sfwage, and deciding 
whether remodelling and extensions of theii' sewage works ‘can be 
more cheaply carried out on activated sludge lines. 

In America the con-struction of the large plant at Milwaukee to 
deal with 65 million gallons of sewage per day is proceeding, but 
otherwise it cannot be said that a great deal of progress has been 
made in the adoption of the activated sludge process. We owe to 
H. P. Eddy ® a very able resume of the present position of the 
process in which the theory of the process is dealt with and many 
inspiring suggestions for further research w.ork arc made. 

In Canada, especially in the Province of Ontario where electrical 
power is cheap, ^very favourable results at comparatively smaU 
plants are reported. , ' < 

A very useful bibliography of the subject, compiled by J. E. 

' ‘ Smeyor, July 8, 1921, 29 ; Engineering, 1921, 112, 88 ; J., 1921, 669a. 

■ * Surveyor, Jbly 8, 1921, 41. < 

• Canadian Engineer, Sept. 1 and 8,. 1921. 
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Porter and published by tbe’lieneral Filtration Co., Inc., Rochester, 
N.Y., has reached a second»edition during the year. 

Scientific contributions to the study of the proce.ss have been 
made by P. Courraont, »\. Rochaix, and F. Laupin,* and by F. 
Dienert.® These workers conclude tlmt if the action is stopped 
as soon as the amnioniacal compounds have disappeared frofh the 
sewage the percentage reduction of bacteria is very iiTegular and 
may amount to only abput fifty. A prolonged aeration is necessary 
to effect a bacterial purification equal to that obtaitied in percolating 
filters. They have shown that a period of aeration of six hours is 
sufficient to remove the cholera vibrion from the sewage, but that 
this period is not usually sufficient to remove the bacilli of typhus 
and paratyphus. F. Dicnert has investigated tlie action of phenol 
on the proiicss and concludes that in the presence of 0-5% the 
formation of nitrous acid is inhibited, although the ammoniacal 
compounds are removed, lie has also investigated the use of 
artificial sludge prepared from raanganoso dioxide, and has proved 
that in this case the removal of ammonia is a bacterial process and 
cannot be fully explained on the adsorption hypothesis. In this 
connexion reference should bo made to unpublished researches on 
the use of fine coal, ferric and ferrous hydroxides, fine sand, and 
silica gel for the preparation of activated sludges, by J. Haworth, 
J. H. Garner, and .1. Garfield. 

It has been shown by F. Nf Grawford and F. Barton," by analyses 
of the air entering and leaving the aeration tank, that only some 10% 
of the air is used for aeration, and they conclude that the remaining 
90% is used Jor keeping the sludge and sewage in intimate contact 
by agitation. Insults obtained by H. M. Wilson and J. W. H. 
Johnsgn’ suj^orl lliis conclusion. * 

With regard lo the part played by higher organisms in the 
effective o])eration of percolating filters H. D. Bell “ has agaifi 
di'awn attention to the function of Achoruies viaticus in maintain¬ 
ing the filtering medium in a clean condition. Those organisms 
apparonUf feed on the sludge which would otherwise block the sur¬ 
face layers»of the filters, and thus enable the filters on which they 
are present to be usecl for long periods without renewal. 

The problem of de-watering activated sludge to such an extent 
as to render drying bj^ heat practicable or profitable Still remains 
unsolved, although experiments arc still proccedihg. A suggestion 
has been made thUt the purilication process might be operated in 
• • 

^ Gompies rend., 1921, 172, 1696 ; J., 1921, 659a. Ibid., 1921,173,181 ; 

1921, 600a. * “ 

" Ibid., 1*921,^73, 184 : J., 1021, 600a. 

“ Canadian Engineer, 1,^1921, 6; Ind, Eng. 1916,8, 646. 

' Report to '^est Riding Rivers Board. • 

* Purveyor, Nov. 18,1921, 346 ; ibid., Nov. 26,1^21, 376. 
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such a manner as to minimise the production bf sludge, but it is 
not yet clear whether prolonge'd aeration or agitation would have 
this effect. As stated last year, preliminary experiments to de¬ 
water the sludge by pressing, centrifugal action, or electrical 
treatment had not proved a,success, and further experiments have 
not been much more promising. It ajjpears that a flat-bottomed 
settling tank prcjvided with a .scraper, such as is used for the de¬ 
watering of slimes in the metallurgical industry, is more efficient 
for the collection/jf the surplus sludge than a tank with an inverted 
pyramidal bottom, as it produces a sludge containing a larger 
percentage of dry matter, but such a sludge is not so readily pumped 
back into the aeration tank. 

With regard to the pressing of acidified activated sludge at 
Milwaukee some infpresting results on the optimum acidity have 
been published by J. A. Wilson and H. M. Hcisig.“ These authors 
have shown that the time of ]>re.ssing is largely influenced by the 
acidity of the sludge, and that when this is less than P|,=2-6 or 
greater than p„=4'0 the time of pressing is considerably increased. 
An optimum acidity of p„=3-0 is indicated by the curve obtained 
on plotting their results in a system or co-ordinates, and the 
similarity of this curve with that showing the influence of acidity 
on the swelling of gelatin in water suggests that similar factors 
operate in both cases. It is not a great steji further to suggest that 
it is the colloidal nature of the sludge which is responsible for the 
observed effects, and that a study of activated sludge in the light of 
our incomplete, knowledge of the colloidal stabs of matter is very 
dc.sirable. In this connexion the three published Britis'h Association 
Risports on Colloid Chemistry have been extended by the Report 
of a General Jliscussion on the Physics and Chemistry of Colloids 
and their bearing on Industrial Questions, held jointly i>y the 
Faraday Society and the Physical Society of London. Attention 
is also dravTi to "this aspect of the sewage problem by F. W. Mohlman 
and L. Pcarse " in a paper on Colloids in Sewage. 

Experiments on the de-watering of activated sludge means 
of a suction filter constructed of metal gauze are being continued 
by J. Haworth at Sheffield and E. Ardcm at‘Manchester, and the 
results so far obtained are very promising. The question of vacuum 
filtration was very fully discussed at the Filtration Symposium “ 
of the 62nd meeting of the American Chemical Society during the 
year, and the varying typos of plant received an adequate criticism. 

The utilisation of thei manurial value of kewago is still receiving 

» J. Ind. Eng. Chem., 1921,13, 406; J., 1921, 569a. 

. Published for the Department of Scientific and Industrial Researoh by 
li.M. Stationery Qfiice, 1921. 

“ i^ftrueyor, Sept.'2, 1921, 154. 

“ J. fnd. Eng. CHm., 1921,18, 976 scj. 
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attention, ancl_M.*0. WeelieB and E. H. Richardshave described 
the straw filter to which Inference was made in last year’s Report. 
Filters on those lines arc tn process of construction for the purpose 
of producing a substitute for stable manure for use on some of the 
market gardens which send their produce into London. Apart 
from sewage farms, this is the only process which attempts tc?utilise 
the soluble nitrogenous constituents of sewage. aTu all other cases 
it is the sludge or sedipient from the sewage w'hich has been utilised 
as a manure, and ordinary sludge from sedimentation or precipitation 
tanks only contains about one-fifth of the total nitrogen present 
in the sewage, and that in a form which is not very readily available 
as a plant food. In sjiite of this, however, there has been a very 
considerable use of such sludge, and local authoritie.s have not 
generally experienced great difficulty in gettiijg rid of it to farmers, 
especially if they have do-watered it to the extent which is possible 
by pressing. Sludge obtained by the settlement of effluents from 
slate beds or percolating filters, that from the latter being generally 
termed humus, contains "nitrogen in a form which is more readily 
available as ])lant food, but not as readily available as the nitrogen 
present in activated sludge. Further experiments at Rothamstod 
on ’the manurial value of this latter form of sludge have confirmed 
pnwious re.sults and shown that the value of the sludge can be 
judged on its nitrogen content, and that the value is equal to that 
of artificial nitrogenous fertilisers containing the same amount of 
nitrogen. Recent experiments by E. H. Richards lend support to 
the theorythat the high nitrogen content of activated sludge (as high 
as 7 or 8%)*is due to its abnormally high content of higher organ-"" 
isms, and if such bo the case it may well bo that these organisms will 
afford ameans rf . "ctracting the phosphates andpotaShfrom sewage, 
and ’thus iurtiier increase the manurial value of activated 
sludge. * 

In some cases’* it has been found possible to apply .sedimentation 
sludge in the liquid form to farms by moans of a system of distribu¬ 
tion pisgs, and activated sludge could quite well be applied in the 
same way^n suitable cases. 

The whole question of utilising the manurial value of sewage 
merits much further consideration in view of the continued world 
shortage of organic manures, and whilst the general adoption of 
the water-carriage system of sewage disposal "has rendered the 
problem more difficult, the dijficulties should notffie insurmountable. 
A study of the Statfstical Supplement** to the Report of the' 
Nitrogen Products Committee serves to emphasise the importance 
of the problem. 

ft 

” Engineerin^y 1921 , 11 ^, 86 * 

J. Roy. Skin, hist., 1921 , 42, 90 . 

“ 1921 , 285 k . 
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Besides the utilisation of sei^age sludge for its panurial value 
there are other methods of utilisation M^ch have been suggested 
or tried. During the coal strike there* were many instances in 
which the air-dried sludge was used directly .is a fuel, and in one 
instance it was only by reiJovering and using thf grease which 
was discharged from manufactories, and collected on the surface 
of the /settling tasks at the sewage works, that it was possible to 
mitinbihi the sewage pumps in operation.. Attempts have also 
been made to utiKse sewage sludge, mixed with other fuel, in gas 
producers, but the attempts have not yet led to a successful 
conclusion. 

Some attempts have also been made to mix the sludge with house 
refuse, and to pulverise the mixture for the production of a fertiliser. 
The possibilities of this process as a means of utilising the sludge 
in a comparatively wet condition are deserving of further investi¬ 
gation. 

Reference was made last year to the fermentation process, by 
which the sewage sludge of Birmingham i5 altered in character and 
made more readily drainable on drying beds. It was also men- 
isoned that by this process some 30% of the dry solids in the sludge 
ti gasified. The process has been described by J. 1). Watson,'’ 
who has during the year constructed special tanks at Birmingham 
in order to collect the gas and utilise it in a gas engine for power 
purposes.’* Earlier work on the utihsatiori of gas produced in 
septic tanks, and more recent work at Parramatta, Australia, 
carried out by the Septic Gas Company of Australia, Ltd., led 
Watson to the idea of utilising the enormous volumes of ga-s produced 
in the fermentation of the sludge, and the plant erected at Birming¬ 
ham is capable of producing sufficient gas from two tons (ji dry 
matter in the form of sludge to run a 25 b.h.p. gas engine for six 
wbeks. The process should be capable of wider application, and 
has not yet been followed even at Birmingham to its extreme limits 
of economy. It is not known, for example, what is the optimum 
percentage of moisture in the fermenting sludge or whg.t is the 
optimum temperature for the bacteria responsible for tjie fermen¬ 
tation, although the sludge is warmed up by'extracting the heat 
from the exhaust gases of the gas engine. Further, the effect of 
agitating the sludge, either by circulation by means oi pumps, or 
by blowing the eompressed gas through it, on the rate of gas 
production, has pot yet been investigated, although such an ■ 
investigation is promis^. 

iAquid Trade Refuse. 

-During the year under review trade depression has undoubtedly 
diverted attention from the. questiop of' the treatipent of liqjiid 
” 1921, lliS, 87. 

, ” iStt/iwytw, N^v. IS, 1921, 339. 
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trade refuse, andlias, molfeover, caused such a diminution in its 
production that its effect upon the streams into which it is discharged 
has not been so marked as in former years. 

A noteworthy contribution to the question of the bacterial 
purification of trade wastes has beeji made by G. MefeoWan,” 
who has indicated a means of applying the systematic knowledge 
of the bacterial purification of sewage to variqps kinds of trade 
wastes. As chemist ty the Royal Commission on Sewage Disposal, 
he worked out a method of estimating the strength of sewage based 
upon the amount of oxygen required to oxidise fully the organic 
matter and ammonia present in the sewage, and found that the 
ratio of the dissolved oxygon taken up in live days to that required 
for complete oxidation is, in the case of domestic sewage, about 1: 3. 
If a trade waste yields a ratio of, say, 1 :6 it is oxidised more 
slowly than domestic sewage on a biologioaf filter, and if such a 
liquid is diluted or concentrated until the oxygen taken up in five 
days is the same as that taken up by domestic sewage, the capacity 
of the biological filter necessary to purity the diluted or concentrated 
liquid would be twice as great as that necessary for the oxidation 
of ^n equal volume of domestic sewage. This is the first attempt 
which has been made to .specify from analytical results the capacity 
of a biological filter necessary to purify trade wastes. G. P. T. 
Tatham,“" from mathematical considerations which he published 
in a former paper,*' has shown how the purification of such a liquid 
depends upon the mean time of contact between the liquid and the 
medium of the filter, and upon the avidity constant of the liquid. 
The avidity constant is the numerical measure of the activity of 
the biological filter, or of the greed of fhe liquid for oxygen, and can 
only,be estynaf^ 1 on the assumption that the olidation of the 
liquid follows the same law as a chemical reaction of the first order. 
In applying this theory to the experimental results published by 
McGowan, Tatham is able to indicate the capacity of Mter required 
to effect a given percentage of purification. 

TheJJinistry of Health have decided to make special provision 
for keeping in closer touch with experimental investigations which 
are in progress on* the treatment of trade refuse, and in July a 
circular was issued, inviting the co-operation of local authorities 
and others interested»in the matter. It is to be reg|^tted that no 
provision is made for the initiation of experiments by the Ministry 
on the lines of those undert^en by the Lande^nstalt fiir Hygiene 
in Berlin and by the* Public Health Seryice of the United States., 
of America. .This service has undertaken a ^ries of studies on the 
treatment, and disposal of industrial wastes under the supervision 
• 

'» J.. 1921. 148t. 

J., 1921t 201 t. 

“ .7., 1916, 711. 
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of E. B. Phelps, and Public Health Bulletins “ liave been issued 
by theU.S. Government Printing Department, giving the results ob¬ 
tained with strawboard waste, tannery wastes, and creamery wastes. 

Bulletin No. 109 is of special interest, qwing to the fact that in 
this "Country the nuisance caused by the discharge of the refuse 
from milk and cheese factories, both into sewers and into streams, 
is increasing, and the American investigators show that it is quite 
practioablc to treat these discharges by the methods ordinarily 
available for the treatment of sewage. W. 'G. Savage has drawn 
attention to the importance of the problem in Somersetshire. He 
ostimat(!S that the whey discharged from cheese factories requires 
more than a hundred times as much oxygen for its oxidation as 
ordinary sewage, and is of the 02 )mion that the w'hey should be 
utilised instead of being discharged into the streams. The lactose 
factory erected by the Ministry of Agriculture and Fisheries for 
the purjiose of demonstrating the possibility of making lactose 
from whey in this country, to which reference was made in last 
year’s Report, has been brought into operation, but the results of 
its working have not yet been published. 

In Pennsylvania the treatment of acid waters containing iron has 
received attention by L. D. Tracy.He gives an analysis of‘the 
mine water from Calumet mine, showing an acidity due to sulphuric 
acid of 21'3 grains per U.S. gallon, b-O grains of ferrous sulphate, 
59-3 grains of ferric sulphate, and 26-6rgrains of oxides of iron and 
alumina in suspension. The effect of such water, if used for con¬ 
densing purjjoses at a large electric power station, can readily be 
imagined, and its use for coke quenching would discolour the coke 
and increase its sulphur content. It was therefore necessary to 
treat it before,use. The water was mixed with ground limestone, 
w'hich neutralised the acidity and reacted with the ferric suffiliate 
to form ferric hydroxide. To separate the precipitate, ferric hydrox¬ 
ide containing a little calcium sulphate, a Dorr thickener was 
employed, and the thickened precipitate was dried and sold for 
use in the purification of gas. The volume of water pumped from 
this mine is a million gallons a day. The paper also *contama 
analyses of other mine waters, showing acidities up to 360'2 parts 
of sulphuric acid per 100,000 and total iron ebntent up to 111-2 
parts per 100,000. Similar acid and ochre waters are to be found 
in the valleys'of the Don and Loxley, near Sh*effield, and analyses of 
these waters have* been published by J. Haworth and J. Evans,** 
and the acid water^from the Rand mines in ^outh Africa have been 
dealt with by F. W. Watlfeon and R. A. Cooper.** 

“ No. 97, Oct., 191?'; No. 100, Nov., 1919 ; No. 109, No*v., 1920. 

The Medical Officer, Nov. 6, 1921, 197. 

** Tram. Amer. Inst. Min. Met. Eng., 1920. * , 

■J„ 1920, 39Jr ; J921, 91t. ‘ 

J'.'JIhem. Met, Soc. E. Africa, 1921 , 22 . 30 ; J., 1921 , 853 a . 
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The recovery ti zinc and copper from the acid liquors in which , 
these metals hkve been pickled hasf been described by W. W. Skinner 
and J. W. Sale.2’ From.liquid refuse, which amounted in volume 
to 5400 gallons per hoiy and contained 9 lb. of copper, the metals 
are profitably recovered by an electrolytic method at the liridgeport 
Brass Works, Conn., II.S.A. 

The recovery of ferrous sulphate from waste sulphuric acid 
pickling liquors has long Ixven practised, but attempts to*recover 
any valuable product*from hydrochloric acid pickling liquors have 
only hitherto met with partial success. During the year E. V. 
Chambers has erected a plant in v hich such waste liquors are treated 
with sulphuric acid for the recovery of the hydrochloric acid, so that 
it may be re-used. 

A new process of coal washmg by means of froth flotation, which 
is being introduced in the Kouth Wales chalfield and in North 
Yorkshire, may render coal wa.shing waste more difficult to treat. 
The process has been dc.soribcd by E. B. Jones,“* and by E. Bury®* 
and others. As the frothing agent is u.sually an oil such as cresol 
or paraffin oil, there is a danger of some of this being contained in 
the coal-washing liquid refuse and rendering the settlement of the 
suspended matter more difficult. 

The subject of the disiJosal of waste liquors from the legal and 
administrative standpoints was very ably dealt with by E. Ardem ** 
in the Chairman’s address {o the Manchester Section of the Society 
in October. He urgesd manufacturers to treat the disposal of waste 
liquids as an integral portion of their manufacturing processes, 
ranking in hnportance with such matters as water supply and trans¬ 
port facilities, and pointed out that a chwer study of the nature of 
w'aste liquids ?^ill assist materially in the efficient control of the 
manufacturing j)''ocess itself. 

It may well be ])ointed out that had not a period of trade depres¬ 
sion, and consequent non-user of w’ater for manufacturing purposes, 
occurred during the drought of the past year many manufacturers 
would have been without a sufficient supply of water, for on public 
hoaltl?*grounds domestic supplies must take precedence over 
supplies for trade ^jurposes. In such circumstances the manufac¬ 
turer would be wcdl advised to have at hand a reserve supply in 
his liquid trade refuse, which he can purify and often use over and 
over again. 

JHver PoUvfion. 

The year under refiew has show'n an increasing tendency on the 
part of local.authorities and those associatei with fishing interests, 

** J. PranJ^lin Inst., i921,192, 780. 

®* Froc. S. Wales In^UEng., 1921, 37, 331 ; J., 1921, 758 a . 

Trans.^nat. Min. Eng.yiO, 243 ; J., 1921 , 835 a .* 

*» J., 1921 , 492 ®. 
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to bring back the state of our more poKuted rivdrs to that which 
existed before the war. Both local Sanitary Authorities and 
Fishery Boards have boon more active in their attempts to adminis¬ 
ter the Rivers Pollution Prevention Acts and the Salmon Fisheries 
Act respectively, in spite of the fact that these Acts aro sorely in 
need of amendment in the light of the labours of the Royal Com¬ 
mission on Sewage Disposal. The difficulties met in the adminis¬ 
tration "of the former Act have boon de.soribed by E. Ardem*® in 
the paper already mentioned. A Bill to amend the Salmon and 
Freshwater Fisheries Acts was introduced into Parliament as the 
Salmon and Freshwater Fisheries Bill by the Minister of Agriculture 
and Fisheries, but had to bo withdrawn in August. The Bill 
contained clauses dealing with river pollution, and strengthened 
similar clauses m the older Act in that it prohibited the discharge 
of liquids which would'render the water injurious to fish or the spawn 
of fish, whereas the older Act required fi.sh to be lulled before a 
Fishery Board could take effective legal action. It also gave to 
Fishery Boards the power to take proceedings under the Rivers 
Pollution Prevention Act, 1876. It is to bo hoped that the BiU 
may bo shortly re-introduced in the interests of our freshw'ater 
fisheries, or that some amendment of the Rivers Pollution Preventfon 
Acts may be made. 

The Minister of Agriculluns and Fisheries has recently a])pointed 
a small Committee “ to assist in ckialings with, the question of river 
pollution, on A\'hieh Fishery Boards, Angling .Associations, and the 
Federation of British Industries are represented. The main 
function of the Committee is to assist the Ministry in 'the investi¬ 
gation of pollutions, and of their effects upon fish life, and of the 
means by whiofc pollutions may be controlled or avoided, and to 
educate public opmion in the matter. iSuch a Committee should 
be capable of very useful work. 

The Committea which was appointed in May, 1919, jointly by 
the Ministry of Transport and the Ministry of Agriculture and 
Fishefces to investigate the effect upon fisheries of washings from 
tarred roads has not yet finished its labours, but from theYnvesti- 
gations which have been carried out the following ’tentative 
conclusions have been drawn :— 

(1) That rain washings from a water-bound macadam road 
surface are not in any ordinary circumstances injurious to fish or 
fish food. 

^ (2) That the first’rain washings frofu a rojid surface which has 
been recently tarred (say, within a week) will certainly be injurious 
to fish and foh food unless mixed with at least an equal volume of 
clean water, and may bo injurious unless mixed with a considerably 

** Yorkshire Post, Dec, 21, 1921. 

J. hut, MunicipcU and County Eng., Nov. 6, 1921, ix. 
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larger volume tJf, clean w^ter. That they will not, however, be 
injurious to fish or fish food if diluted with at least ten times their * 
volume of clean water. 

(3) That subsequent ^raiii washings from a tarred road in the 
early stages of its life are not injurious to fish and fish food'proividod 
they are mixed with at least an equal’volume of elcati water, 

(4) That filtration through frcshly-cut turf reduces, to an extent 
not yet precisely ascertained, the injurious characler of rain \sashing8 
from a tarred road. * 

(6) That storage of rain washings from a tarred road reduces in 
some respects their toxic character. 

(6) That there is no evidence that pond vegetation is injured by 
rain washings from a tarred road. 

The conclusions are based upon okservations taken at the Alresford 
Experimental Station in Hampshire during the first six weeks after 
tarring, and may be applicable only to waters similar to the chalk 
waters of the Upper Itchon, Further observations are to be taken. 

In the Midlands there has arisen a feeling that all is not well 
with the condition of the Kiver Tamo and its tributaries above 
Birmingham, and recent Conferences ““ amongst the local authorities 
concerned may lead to the formation of a Jomt Authority to 
take the necessary steps to abate existing and prevent further 
pollution. The River Trent at Nottingham is rapidly becoming 
seriou.sly polluted owing ,to manufacturing operations and the 
discharge of impro 2 ierly jmrified sewage in its upper reaches, and 
the River Tame is a contributory factor to this pollution. 

Mention has alreadj' been made of the treatment of water pumped 
from mines. Such water, if discharged in the state in which it is 
raised from tl ej^mino, is exempt from the iwovisioijs of the Rivers 
Pollfttion Pfeve.iiion Act, and owing to the damage caused by such 
water in Lanarkshire the County Council have urged the introduction 
of legislation to deal with the matter. 

Probably the most serious source of pollution during the year has 
been the refuse discharged from dairies and cheese factories,’* and , 
compBlhts have been made of pollution from flax retting. The 
milk sug&r or lac^se contained in the vhey, which often is, but 
Should hot be, discharged with the floor swilUngs and can washings 
of the milk factory, forms an excellent food for organisms. Some 
work on the subject*has been done by Thresh and* Beale,’* who 
have indicated the possibility of destroying the*lactose by fermen¬ 
tation with pig’s'dung or cow dung. * ^ 

Towards the end m the year the Wat^jr Power Resources Com¬ 
mittee appoiftted by the Board of Trade in <Rine, 1918, issued their 

iiurvty&>% Jan. 20, 1922, 47. 
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, Final Report,in which they reoomsiend the'-Setting-up of a 
controlling Water Commission for England and Wales. Among 
the powers and duties of this Commission.would be the adjustment 
of conflictmg interests in connexion with tjio use of water for any 
partioular purpose, the grouping of the watersheds of the country 
into su'table areas, and arranging for the setting-up of Watershed 
Boards in substitution for the large number of various local authori¬ 
ties now concerned with different interests. The Committee are 
in general agreement with the recommendations of the Royal 
Commission on Sewage Disposal and they make speeifie recommen¬ 
dations in paragraphs 30!) and 310 of their Report for the establish¬ 
ment of the proposed Watershed Boards and for extending the 
scope of the Rivers Pollution Prevention Acts. 

Under present financial conditions no doubt the recommendations 
set out in the reservation to the Report and in the separate Report 
signed by one member of the Committee will be more in accord 
with public opinion. In these it is suggested that the proposed 
Commission is not necessary, as it would lead to the duplication of 
much work already performed by existing Government Departments. 

Towns' Solid liefuse. ‘ 

The enormous expenditure incurred in the collection and disposal 
of household refuse is not generally realised, but when it is stated 
that on the average one-eighth of a lobal authority's expenditure 
is incurred for these purposes the importance of the matter becomes 
apjiarent. , 

The recent publication, more especially in America, of literature 
dealing with the character, collection, and disposal of municipal 
wastes serves ■fo indicate the increasing importunce attached to 
the subject. 'Deserving of special mention arc the publications of 
th 6 U.S. Public Health Service by H. R. Crohurst,®’ and of R. 
Bering and S. A'. Greeley.®* In this country J. A. Priestley,**-of 
Sheffield, has drawn further attention to the fuel content of 
domestic refuse. He estimates that the ten million tons (jf house 
refuse produced annually in Great Britain contains thrse million 
tons of fuel, having a calorific value of abou^ 10,000 B. Th. U. 
per lb., which can be separated by screening. The fine dust in 
the refuse amounts to 40 or 45% of the whole and this has been 
shown to have conuiderable value. The salvage plant at Sheffield 
for dealing with mvnicipal wastes is 51 model of lits kind, and is 
‘'oeing extended on a considerable scale. 

*• H.M. Stationery Office, 1921. 

*’ Public HeaUh Bulletin No. 107, Oct., 1920, U.S. Government Printing 
. Office, Washington. . 

•® MoQraw HilI*PuWishing Co., New Yofk, 1921. 

*• Sufvtyor, June 17, 1921, 434. 

• • 
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During tho yeaK, many C 9 mplaints have been made against the , 
practice of dumping household refuse, and this may be taken as an 
indication of the fact that public opinion is being educated in the 
practicability of other methods of disposal. Local conditions 
vary from place to place lo such an extent that it is not pr^ctioable 
to apply the same method to every case. In one case utilisation 
will have its advantages, in another pulverisation, and in others 
incineration may bos the best suited. Again, d combination of 
these methods may bo applicabkc 

The reduction of house refuse by pulverisation’is undoubtedly a 
step forward on the practice of dumping, and farmers are ajipreciative 
of the mechanical and fertilising value of the pulverised material, 
especially on heavy land. 

The problem of the disposal of the house refuse of London, much 
of which is dumped in the adjacent districts, has received the 
attention of a (lonferoncc of the Metropolitan Boroughs during 
the year, and it is to bo hoped that the experience of some of the 
boroughs such as Southwark and Marylebone," may prove of 
benefit to others. 

The possibility of mixing pulverised hou.se refuse with sewage 
sludge and the use of the mixture as a fertiliser, deserves further 
attention, as the dry pulverised material would ajrpear to afford an 
absorbent for the moisture present in sewage sludge. 

Diminfedanls. 

Under this heading there is little advance to report during the 
year under rqview. 

Our knowledge of the subject has been brought up to date by 
the publication of S. and E. K. Rideal,*“ on “ Chemical Disinfection 
and Sltjrilisatitm,’^ .cid the value of chloramineas a germicide 
has received some attention. 

There is need for a good deal of re.search work on the disinfecting 
value of organic chemicals, their germicidal effect oh specific organ-' 
isms, and the influence of specific groupings of the constituent 
elements^ tho molecule. The effect of the po.sition of such 
groupings in the molecule is also worthy of further study. The 
result of such researeli work would be to place in the hands of 
chemical manufacturers the possibility of producing a range of 
disinfectants comparablt with the range of dyes now available. 

Watkr Supply. 

With regard to the supply of water for,domestic purposes tin 
outstanding features of the year have been th^prolongod drough' 

« Ibid., Jan. 6, 1922, B. 

J. Roy. San^Inst.f 192^ 42, 251 ; Swveyor, June 24, 1921, 464. 

Ed. Anioldi London, ^921. • 

Ckem. Tra9c J., Nov. 26, 1921, 667. 
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and the effects produced by it. The yield of thff .sources of water 
supply has been low, not only^pn account of the ^.bnormally low 
rainfall, which on the average can hardly have exceeded 60% of 
the normal, but also on account of the excessive evaporation and 
consequantly low percentage of percolation. It is perhaps yet too 
early to gauge the full effect of the drought, but attention was 
drawn to various possibilities in a circular “ issued by the Ministry 
of Health in September, and the Ministry are collecting information 
on the subject in connexion with the survey of the water resources 
of the country which is being carried out at the present time. The 
importanee of the subject has been ably expounded in two special 
articlesin the Lancet. In this circular the attention of local 
authorities and others concerned with the supply of water was 
called to the necessity for vigilance in all cases. A prolonged 
drought increases the risk of the occurrence of water-borne disease 
in many ways, and the prevalence of epidemics, particularly cholera, 
in some foreign countries has been a cause of anxiety to those who 
are responsible for the public health. The danger of an increase 
in the plumbosolvent action of water derived from a peaty source 
must also be borne in mind. Apart altogether from the inconveni¬ 
ence of a shortage of water, the drought has rendered supplies 
which are at all liable to pollution less safe by reason of the fact 
that the concentration of the pollution has been increased, and in 
the case of deep-seated sources of supply the liability to pollution 
has been rendered possible by reason iff cracks in the surroundings. 
The best methods of dealing promptly with drinking water which 
has become polluted, or which is suspected of spreading disease, 
are by boiling or by chlorination. It is to the latter method that 
the larger Water Authorities will have recourse, and during the 
year much pfogress has been made in its adoption. , The process of 
chlorination was described as fully as practicable in an appendix 
10 the above circular, and methods for removing the taste from 
chlorinated water were described. 

Chlorination can be effected by the use of chloride of lime (bleach¬ 
ing powder), sodium hypochlorite, “ chloros,” or liquid nvigaseous 
chlorine. The continued chlorination of the London water supply 
is 4ealt with by Sir A. C. Houston in his Fifteenth Annual Report 
to the Metropolitan Water Board, and the example set by the 
Board in adopting chlorination in 1916 is akeady producing effects, 
in that it is being followed by other Water Authorities in this 
country as an additional safeguard against water-borne disease. 

In America, as stated last year, the process has been extensively 
adopted, and without chlorination most supplies from the Great 
Lakes “ cannot be considered safe.. It is very desirable that these 

** Cirautar Sll, Sept. 16,1921. 

Lancet, Aug. 13, 1921, 353; Jan. 21, 1922, 145, 148. 
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responsible for tbe chlorine-tion of supplies in this country should 
follow the example of thejr Ameriian colleagues and publish their 
experience. It may be that in this country prejudice against any 
chemical treatment of water dies hard, and if it were generally 
known how many of our water supplies are treated with cc&gulants 
and chlorine there would be a public outcry. However, the ^jdvan- 
tages to be gained by publication and pooling of results far outweigh 
the disadvantage of any such outcry, and moreover, publication 
would serve to cducatespublic opinion. In this connexion reference 
should be made to articles on water storage aiJd sterilisation by 
G. A. Johnson,*’ and on some problems in water chlorination.** 

H. Konrich** has described experiences in connexion with the 
water supply to the Gorman armies in the field, and Belgian 
experience has been described by A. J. J. Vandervelde.** 

As a result of the water .shortage Water Authorities will have to 
take steps to conserve their supplies of pure water, or to seek 
additional supplies from sources which under normal conditions 
would not be considered ^fe. Such supplies may often bo rendered 
safe by adequate treatment. For the conservation of existing pure 
supplies, the prevention of waste, the use of loss water without 
risbof injury to health, the intermittent supply of water, and the 
substitution of legs pure supplies for the purer supplies for manu¬ 
facturing operations and other non-domestic purposes, may all be 
practised. Perhaps the most notable example of the last type of 
conservation is furnished by Sheffield, where compensation water 
from one of the supply reservoirs has been partially replaced by 
treated rivc^ water abstracted below the town and pumped back 
to a storage reservoir at the foot of the supply reservoir. The 
project, to whieh^ reference has been made in the two last Annual 
EepoJts, was'bre.igiit into operation during the year, but unfor¬ 
tunately the storage reservoir has recently burst “ and some three 
million gallons of water flooded the valley. 

The control and operation of water purification plants has been 
dealt with in the second edition of a treatise on the subject by 
M. F. Stein,** and by correspondence ** arising upon a review of this 
book, and^ rapid njethod of chlorination control has been worked 
out by A. Wolman.** He advocates the estimation of the chlqrine 

** Eng. News Rec., M^r. 24, 1921, 492. , 

*' Canadian Engineer, June 23, 1921 ; Proc. Amer, Waterwarlis Assoc., 
July, 1921. , 

** Eng. News Rec., Se^t. 8,1J21. 

*• CesundheitS’Jngenieur, 1920, 43, 603. 

“ BuU. SoefOhim. Belg., 1921, 80, 119. 

“ Mtm.'Eng., Jan. 26, 1922, 89. 

“ Chapman &nd Hall, linden and New York. 

“ J., 1921,<i69B, 2164 29lBf 
“ Eng. Ne^a Rec., Apr. 14, 1921, 639. 



614 BEPOBM OF THE PjfoOBESS OF ATPUEt) OHEMISTBY 

absorbed by the water in five minute's a,nd the adj^'i'tion of 0-2 part 
per million in excess of this amcjunt. It may be noted here that in 
American practice much larger quantities of chlorine are used than 
in English practice. Studies of the hydrogen-ion concentration in 
natural 'waters have been made by A. Wolman and F. Hannon, 
and tfiese will have a distinct bearing upon the effectiveness of 
chlorine treatment, according to the work of E. K. Rideal and 
U. R. ^Svans on'the effect of alkalinity on the use of hypochlorites, 
and also upon the action of the waters on pipes and fittings. 
American standards for the quality of water form the .subject of a 
contribution by J. J. Hinman, Jr.,” and a new edition of Standard 
Methods of Water Analysis has been published by the American 
Public Health Association. 

Reference was made last year to the possibility of several Local 
Authorities combinUig in order to lessen the per capita cost of 
providing a pure water supply. Such combinations have been 
effected in South Wales by the passage during the year of such 
legislation as the Taf Fechan Water Supply Act and the Rhyniney 
Valley Water Act. The principle underlying these combinations 
should be applicable with advantage in many other districts. 

The study of the biology of waterworks merits more attention 
than it has received in the past. A considerable .amount of discon¬ 
nected work has been carried out, especially in Germany, but the 
absence of a modern systematic treatise on the subject is to be 
deplored. Such works as Die Mikroskopische Wasseranahjse (Mez) 
Die Mitieilungen aus der Landesanstalt fur Wasserhygiene zu Berlin. 
The Microscopy of Drinking Water (Whipple), and Tiis Biology oj 
Waterworks (Kirkpatrick. British Museum. Economic Series No. 
7. 1917) dea’ with special aspects of the problem. The lattei 
publication affords very useful information upon the bioiogica 
Stspect of incrustation. It would appear that corrosion and incrus¬ 
tation have caused considerable trouble, perhaps more in America 
than in this country, and experience in Kansas City, Missouri, haf 
been described by C. S. Foreman.®* The subject has also beer 
dealt with by W. H. Walker and D. Ellis ** and by W. RaiSiSm.*" 

The biology of waterworks includes not only bacteria but the 
higher plants and animals which occur in reservoirs and grow in the 
watermains, on filters, and even, as shonm by Houston, on the 
leather washers pf taps. These organisms have been studied b 3 
Houston and much information on the subject is,to be found in hi 

“ C 

®* Chem. and Met. Eng':, 1921 , 26, 602 . 

J., 1921, 64 b . - 

« J., 1921 , 325 b . 

*• Proc. Atner. Waterworks Assoc., July, 19^1. 

» Mun. Eng;, Jap. 26, 1922, 78. ‘ ' 

“ Surveyor, Nov. 26,1921,371 j J. Man. and County Eng., 1921,48, 409 
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reports to tho'^etropolfjarf Water Board. Some give rise to 
specific tastes jn the water and experience at Marquette, Michigan, • 
has been described by W. 0. Brockway.*^ Others are dependent 
upon the presence of irouMi tlie water, others again on the presence 
of manganese, and all i*rc de 2 )endent uj)on a suitable foqji supply, 
Experiences with iron in the j'ublic water sujjply at Shelby, Ohio, 
are dealt with by P. Burgess. Algal growths in a reservoir at 
Birmingham*^ were a source of trouble in 1920, luid G. F. Gilkison** 
has recommended tho 4 )ainting of the reservoir walls with a^olution 
of copj)er sulphah? hi order to iircv'ont .such grtavths. 

Filtration is often sudicient to remove both the organisms and 
their food from the water, bui the value of chlorhiatiou for the 
purpose of preventing the growths should not be lost sight of. 
A study of the organisms m water survivhig chlorine treatment 
has been made by M. A. Shceton,*" who concludes that B. WelcUi 
or B. cntcrUidis K-jivnycJU’s may survive. H ouston*® has contributed 
to the same subject. 

It is yet too carl^- to foiin an opinion upon the effect of using 
concrete and reinforced boncreto*’ water mains and to say whether 
the growth of organisms in such mains will bo greater or less than 
m .iron mains. 'I’he reduced eajiaeity of watt>r mains, due to 
effects which are generally only very imperfectly examined, is very 
variable with different waters as the following table ** shows ;— 


• 

District. 

« 

1 Diuinoter 
of main, 
inches. 

l^eriod in 
use, 
yaar.s. 

Reduction 
in cariymg 
cajmcity. 
% 

London .... 

30 

no 

NU. 

Birniinghaiaw/ 

42 


1 25 

fiiverfKiol ' .. .. • • I 

42 

8 

1 25 

Manchosttir .. .. .. | 

44 1 

20 

40 


A very useful contribution to our knowledge of the nature and 
removal of colour in water has been made by J. Race.*’ 

The >ioftening and purification of water for use in industrial ' 
operation* scarcely comes wdthin the scope of the present article, 
but as already indicated the problems under this heading will 

*’ Eng. Newa Rec., July 14, 1921. 

*’ Proo. Amer. Wattrumrka Assve., May, 1921; Mun.» Eng., Nov. 10, 
1921, 476. 

“ Mun. Eng.,*Ma,y 5, 1921.386. 

®* Surveyor, Jan. 7,*1921, 4. 

•® Eng. N^ws Rec., Juno 21, 1921, 929. 

»« Ibid^, Sept. 22, 1921. 

*’ Surveyor, July 29, 1921, 81. 

*» Mun. Bjig., July SB,* 1921, 88. 

*• J., 192U 1591. 
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become of increasing importance as bu^ sources pt" supply become 
used up, and as long as the neeid for financial economy continues. 
Many manufacturers would find it less expensive to use and treat 
a and impure water readily available than to purchase a 
supply brought by the Local Water Authority from a distant source. 

Kie subject of water supply has been dealt with by the Water 
Power‘Committee’" of the Conjoint Board of Scientific Studies, 
who hs^ye urged tSiat Imperial resources should be explored, and 
by the Water Power Resources Committee” a 5 )pointed by the Board 
of Trade in June, i(918. This latter Committee’s recommendations 
have already been discussed under the heading of River Pollution. 

Reference should be made by all those who are interested in 
waterworks and water purification and supply, to the admirable 
official circular issued quarterly by the British Waterworks Associa¬ 
tion, for therein willvbe found all the latest information which is 
available. 

Finally, the writer is much indebted and wishes to express his 
thanks to aU those, from the East as well as from the West, whom 
it has been a pleasant duty to meet during the year, and without 
whose wiUing aid it would not have been possible to compile this 
review. 

Nature, Dec. 8, 1921» 457. 

^ H.M. Stationery Office, 1921. 
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FINE CHEMICALS, MEDKHNAL SUBSTANCES 
AND ESSENTIAL OILS. 

By Hakold King, D.Sc., 

Department of Biochemistry and Pharmacology, The National Institute 
for Medical Research, Hampstead. 

Aucalolds. 

Cinchona Alkaloids. 

Of all the aUialoids, the cinchona group continues to attract the 
greatest amount of attehtion. The Dutch, by reason of the fore¬ 
sight shown in developing the cinchona plantations in Java over a 
nujnber of years, atiU have a monopoly of cinchona bark. Japan, 
America, and the British Empire arc, however, exhibiting a growing 
interest in cinchona cultivation, and an important scheme has been 
initiated for developing the production of quinine in India.’ As a 
result Burma will, in time* probably become an important source 
of cinchona both for India, which already produces a not incon¬ 
siderable quantity of quinine, and for the British Empire.* The 
necessity for the scientifie cultivation of cinchona in our own 
colonies has bcyi emphasised by Sir William Pope in his presidential 
address to< thi J'oeiety.* In the Cameroons an3 East Africa, 
former Gorman colonies, the experimental plantations have fur¬ 
nished a bark of good quality.* The Japanese have the matter 
well in hand and have secured 800,000 acres of IsEnd on the slopes 
of the Andes, the natural habitat of cinchona, and are growing 
cinchoroe and coca.* 

H. W. iActon and his collaborators have recently published the 
detailed evidence on the use of quinine and cinchona febrifuge in 
the treatment of benign tertian and in malignant malaria.® In 
benign tertian, the febrifuge is better than quinine, and its use, 
if adopted in India, would involve a saving of 46%; it could, 
moreover, be supplied fiojn her own plantations. This work led 

’ Calcutta Gazette, Dec. 8th, 1920. 

* J., 1921, i26B. 

® J., 1981, 180t. 

* J., 1921, 382b. 

® J., 1921,niSs. 

* M. J. Med. Rea., 1921,8, 737-871. 
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to the later developments in which the fcomponoiit alkaloids of the 
febrifuge were tried individually. The results obtained were 
described in the previous report.’ 

Thg use of quinidine for the restoration of normal cardiac rhjrthm 
in cases of auricular fibrillation has attracted considerable attention 
in rcediit years. Originally discovered b}^ Wenckebach, this re¬ 
covery of normal rhythm lasting from a few days to several months, 
has beAi observed in 50% of the cases in,the hands of several 
workers.® t 

During the past year a great advance has been made from several 
sides towards the synthesis of the sixteen possible stercoisomerides 
of hydrocinchonine, of which only one other, hydrocinchonidine, was 
known previously. The reduction of hydrocinchoninone, 
CoHbN'CO'CbHijN, by zinc dust or })owdered aluminium in the 
presence of alcohol and sodium ethoxide has given rise to the four 
possible stcreoisomcric alcohols, two of which are hydrocinchoninc 
and hydrocinchonidine, whilst the remaining two arc new." 3- 
Ethyl-4-mcthylpj"ridine, the .stalling point for the synthesis of the 
hydro-allcaloids, has been synthesised in two ways.’® and has been 
converted into bomocincholeuponc.’’ 

NH( Vuni.C’HjCO,H 

'OHjCHEt^ 

This should occur in two racemic forms, onty one of which has been 
obtained, and this, so far, has resisted resolution. One of its 
optically active forms is, however, a degradation prodifct of hydro¬ 
cinchonine and has been condensed in the form of the ethyl ester 
of its N-benzqyl derivative with quinolinc-4-carl)oxylic acid ethyl 
ester, yielding an ester which, on hydrolysis, gave hydrocmcho- 
taxine,'® which can be converted by well-known methods into 
hydrocmchoninone. The progress in the quinine, hydroquinine, 
and cinchonine series is not so marked, the difficulties to be sur¬ 
mounted being greater. 

’ Arm. Bepls., 1020, 5, 487. 

* A. N. Drury and C. C. Ilioscu, Bril. Med. j., J»zi, iJii; r. iiewis, 

A. N. Drury, C. C. Iliescu, and A. M. Wodtl. ibid., 514. W. Frey, Berl. Klin. 
Wocltsch.y 1918» 417, 849. R. L. I^evy, J. Amcr. Med. Assoc., 1921, 76, 1289- 
A. W. M. Ellis and‘A. E. Clark-Kcnnedy, Lancet, 1921, 2, 894. E. Jenny, 
Schweiz. Med. Wochs^h., 1921, 51, 272. (3. Arrilaga«and C. P. Waldorp, 

••Physiol. AbsL, 1921, 6, 389.« • 

• Vereinigte Chininfabr. Zimmer u. Co., G.P. 330,813 ; J., 1921, 448a. 

P. Rabe and E. Jantzen, Bcr., 1921, 64, 925 j J. Chem. Soc., 1921, i., 

438. L. Ruzicka and V. Fomasir, ibid., 1920, i., 550. , 

^ E. Koenig^ and W. Ott^ann, Ber.f 19^1,., 64, 1343; J. Ohem, Soc., 
19^1, i., '695. * 1 

“ Vex^inigfce Chininfabr. Zimmer u. Co., G.P. 330,946 ; J., 1921, 440a. 
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*• * • 

Several workefls*’ have synthesised quinine-like compounds, and 
the latest oonliribution tathis subject is by L. Ruzioka,^* who has 
condensed the esters of quinolinecarboxylic acids with methyl-2- 
piperidone and allied compounds to yield substances which are 
hydrolysed to aliphatic quinotoxines :— 

/IH 2 CH 2 . 

C,H,N-CO.Et-t-CH 2 < 

^CO -NMe/ 

CH *CH 

t!,H,NCO-CH/ ‘ *'>CH 2 -C«H*N.CO-(CHj),NHMe. 

^CO-NMe/ 

These, on treatment with bromine and removal of hydrogen bromide, 
yield with ring-formation, quinolylpyrrolidyl ketones :— 

-CHj-CHj 

C,HjNCO(CH 2 )iNBrM 6 ->C,H,N-COCII< | 

^NMe-CHj 

The substitution derivatives of cinchona alkaloids continue to be 
attacked from various quarters. Whilst W. A. Jacobs and M. 
Hcidclbergcr,'® continuing their investigations in this series, have 
coupled the 5-amino-derivatives of the hydro-alkaloids with 
diatotLsed aromatic amines, G. Giemsa and J. Halbcrkann have 
diazotised the 5.aniino-derivativcs with formation of diazo-anhy- 
dridea, which on boiling in acid or alkaline solution, yield a new 
type of compound of ujfknown constitution.'® Patents have 
been taken out for the preparation of the amino-compounds of 
cinchona alkaloids, for the nitro- and amino-sulphonic acids of the 
hydro-alkal#ids, and for the corresponding nitrohydro-alkaloids 
produced by hydrolysis." The production of cinchona alkaloids 
containing sebi/inm and said to be of therapeutic vj),lue is also the 
subjdbt-matlcr ■>' a patent.'* 

Hyoscine. 

The alkaloid hyoscine finds a number of applications in medicine, 
but our knowledge of the pharmacological properties of the optical 
isomerides has hitherto been imperfect. A. R. Cushny,'* working 
with the pure d- and l-hyoscines prepared by the writer,*® now 

'• A. Kaufmann, J., 1913, 709. P. Rate, R. Pasternack, and K. Kind- 
ler, J. Ghem. Soc., 1917, t, 283. P. Karrer, ibid., 1918, i„ 3§. CJ.alao Ann. 
Repts., 1917,2, 487. . 

'* Ber., 1921, 54, 1189 ; 7 Ghem. Soc., 1921, i., 585. 

'* J. Amer. Ghem. Sic., 192(T, 42, 2278 ; J.,,1921, #6a. 

'» Ber., 1921, 64, 1167 ; J. Ghem. Soc., 1921, i., 581. 

" C. F. B«ehringer, O.P. 335,113; J., 1921,«489a ; G.P. 338,738, J., 
1921, 749a ;• G.P. 339,947, J., 1921, 828a. 

'* Vereinigfe Chininfqbr. Zimmir u. Co., G.P. 331,145 ; J., 1921, 280a, 

'* J. Pharth. Exp. Ther., 19!l, 17, 41. , * 

®® H. Kingt Ghem. Soc. Trans., 1919, 116, 476,974. 
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I ' 1. 

finds that i-hyoscine is 15 to 18 times as poweiful as <i-hyoscine 
in its action on the nerve terminations in the salivary glands and 
in other “ specific ” atropine effects, but, that on the nerve endings 
in striated muscle, on unstriated muscle and on the central nervous 
system, bheir action is identical. The use of hyoscine in “ twilight 
sleep,’,’ and as a-sedative in mania is thus independent of the optical 
purity of the substance, but as a mydriatic, the optimum effect 
is obtained by using the purt) Icevo-iom. The constitution of the 
basic portion of the molecule of hyosciile, namely oscine (or 
scopoline), still remains uncertain in respect of the position of the 
oxygen bridge. K. Hess,^‘ from a study of the exhaustive methyl- 
ation of oscine, which proceeds anomalously, concluded that the 
bridge w^as as in I., w'hilst Gadamer and F. Hammer,“ utilising the 
optically active oscincs for the Hofmann degradation, adopt 


CH--CH—CHj 

\ I J. 

O NMe CH, 

\ I J 

CHOH—C-CH, 


I. 


I 

CH- 


- 0 


CH'CH, 
NMe 

CHOH-IlH- 


CH 


-CH, 


II. 


the formula II., put forward by the writer. Hess has now effected 
the Hofmann degradation in a more normal manner*’ and adheres 
to his formulation. In hyoscine Gadjmer and Hammer consider 
that the oscine residue has a symmetrical configuration and that 
an unsymmetrical oscine is formed on hydrolysis, a possibility 
which was also pointed out by the present writer. • 



<*;h— m-CKj-in 

tIMe 

CHOH'CH-CH, 


Ergot. 

A resuscitation of this question is unexpecte'd. A Swiss firm in 
1919 covered by patent a process for the isolation of a highly active 
preparation of ergot.** Powdered ergot is treated with a weak acid 
or with acid salts,* e.g., aluminium, ferrous, or copper sulphates, to 
fix the basic constituents, and then extracted* with an organic 
' solvent to remove fats add phytosterols. The tissue is mixed with 


Arch. Pharm., 1921, 2S9, 110 ; J. Ghem. Soc. 1920, i., 81i 
“ Arch. Pharm., 1921, 269, 110 ; i^d., 1921, i., 688. * 

■” Z._angew. 1921, 34, 393; tfcwfl, 192l‘, i., 683. ‘ 

** Chem. Fabr. vorm. Sandoz, E.P. 125,396; J,, 1920, S49a. 
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more solvent and the acid* neutralised by bar 3 rta. The alkaloids 
are then extracted. The. crude alkaloid is purified from acetone 
containing 6-10% of water.^* Similar processes have been applied 
to other alkaloids, e.| 7 .,^hyosoyamine, morphine, pilocarpine,*' etc. 
The properties of the pure alkaloid of ergot so isolated h'hve.been 
described by K. Spiro and A. Stoll." It is called ergotamipe, has 
the formula C 33 H 35 NJO 5 , is crystalline, forms crystalline salts, 
and has the full physiological activity of ergot*. It is cotiverted 
into an i.somcridc, ergbtaminine, by \varming with methyl alcohol. 
The authors have not apparently had in hand for comparison the 
amorphous orgotoxinc, C 35 HnO,N 5 , of Barger and Carr and of 
Tanrot, which forms crystalline salts, has the pharmacological 
activity of ergot, and treated with methyl alcohol gives crystalline 
ergotinine, CssHssOsNj. The parallelism in the properties of the 
alkaloids of the two groups of workers is much closer than is here 
indicated. It is therefore unfortunate that new claims and new 
nomenclature should be advanced without the real justification 
supplied by a direct comparison. It is, however, possible that 
dificrent varieties of ergot contain different but related alkaloids. 
The chemistry of the ergot alkaloids is admittedly in an unsatis¬ 
factory state owing to the rarity of the substances and to that 
extent the work-of Spiro and Stoll, of which this is a preliminary 
publication, will be looked forward to with interest. 

d\her Alkaloid'S. 

The patepts taken out by R. Willstiitter for the preparation of 
tropinoneca.rboxylic acid esters, tropinone, and eegonine were 
referred to in lajt year’s report.** A full description of the processes 
has pow appeal,'.!,** the important end-products iJeing tropinone 
and '^-ecgouinc, which latter on esterification and benzoylation 
gives •^-cocaine. The starting point of this important synthetic 
method is acetonedicarboxylic acid, which by electrolysis of the 
di-potassium derivative of its mono-ethyl ester gives ethyl succinyl- 
diacetatp.*" 

»03Et.CH^C(0K)-.CH.CO3K CjH.lCO.CHj.COsEt), 

A contribution fo the chemistry of physostigmine of considerable 
potential value has been made by E. Stedman." Physostigmine 

** E.P. 140,056 ; J., 1921, 128a. , 

*• E.P. 131,283; J., 1920 436a. E.P. 134,197; J., 1920, 676a. E.P. 
163,219 ; J., 1920, 833a» * 

** Schweiz, Med. WocJweh.f 1921, No. 23. 

>* Ann. Bepls., 1920, 6, 490. 

** B. WillBt6tter and M. Bommer, Annalen, 1921, 422, 15 ; J., 1921, 127a. 
•* B. Willstatter an<i A. Pfannenstiel, Annalen, 1921, 422, 1 ; J. Ghem. 
Soc., 1921, i., jl. * * 

“ Ohem. Soc. Trane., 1921, UB, 891. 
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I * *. 

or eserine, CisHuiOjN,,, on hydrolysis loses cai’lion dioxide and 
methylamino, yielding eseroline', CiaHijONj, the “methiodide of 
which on heating with sodium cthoxide and methyl iodide has now 
been converted into a compound CioHijONjI, which contains three 
alkyhgro'ups, the nuclear arrangement thus containing seven carbon 
atoms. This should load to the elucidation of the constitution of 
this useful alkaloid and so eventually to synthetic experiments on 
similarly constituted bases. 

Lobelia inflaia, or Indian tobacco, is a North American plant 
which has found' application in the treatment of asthma. A 
process for obtaining its little known ingredients is the subject of a 
patent.’^ The plant contains three alkaloids, of which a-lobeUnc 
is crystalline, possesses the characteristic pharmacological action 
of Lobdia inflaia, and is now available as a commercial product. 
The alkaloids hav^e •recently been examined chemically by H. 
Wieland, who ascribes the formula, (IjaHjnOsN, to a-lobeline and 
finds acetophenone as a product of ly'droly.sis.’^ 

Simple Natural Ba'ses. 

Choline is a common constituent of plant and animal tissues and 
a few of its esters have been found to occur naturally. A. J. Ewins’‘ 
isolated acetylcholine from a sample of ergot in 1914 and the same 
substance has now been found in Shepherd’s purse (Gapsdla bursa- 
pastoris L.),*' an extract of which was employed during the war 
as a substitute for ergot. The possibifity that the esters with the 
naturally occurring amino-acids may lx; of pharmacological impor¬ 
tance is being examined by H. W. Dudley, who Kis prepared 
glycylcholine, NMejCl.C.HiO.CO.CHjNHj, but its physiological 
behaviour is not recorded.®® A group of related substances has 
been prcpared*by P. Karrer and co-workers,®’ whd reduce the esters 
of the naturally occurring amino-acids or their acetyl-derivatives 
to the corresponding alcohol by means of sodium and alcohol, and 
then completely methylate the amino-group:— 

NHj.CHR.COsEt ^ NHj.CHR.CHjOH ^ NM03I.CHR. CHjOH 
The yields are very poor, so that other synthetic processes are also 
employed. Leucinecholine has a weak action *00 the uterus, but 
its effect is increased by acetylation. Pheny^alaninecholine, on 
the other hand, is reported to be very potent. 

C. H. Boehringor Sohn, E.P. 145,621 and 145,622 ; J., 1921, 195a, 448a.' 

®® Ber., 1921, 54, 1784 ; J., 1921, 788a. 

J., 1914, 664. * , * 

H. Boruttau and H. Cappenberg, Arch, t'harm,, lUIJl, }J69, 33; 
1921, 276a. C. Grimmer P/wnw. -ZcnimilA., 1921, 496.;*,/., 1921, 748a. 

H. Cappenberg, Pharm. Zeniralh.t 1921, 62, 560; 1921, 748a. Cf^cUao 

H.-H. van Urk, Pharm. Weekblad, 1921,4S8, 553 1921, 4(59a. 

Chem. Soc. front., 1921,119,1256; f., 1921, 714a. * 
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The isolation ariU identitichtion ot the pituitary active principles 
is proving a ver^ difficult psoblem. 41. W. Dudley in 1919 advanced 
experimental evidence which seemed to show that the specific 
pressor and oxytocic priijcijdes are different substances.’* Further 
evidence which points in the same direction is now addficed by 
H. H. Dale and H. W. Dudley.” These authors show aljo, in 
agreement with Abel and Nagayama'.s findings,** that the active 
principles are destroyed by boiling with 0’5% hydrochloric«acid ; 
they cannot, however, adduce any evidence that there is a relation 
between histamine and the s^iecific action of the extract. J. Roca** 
ha.s examined the relative amounts of depressor and broncho- 
constrictor substances obtainable from the anterior and posterior 
lobes of the fre.sh pituitary gland after de.struction of the specific 
pre.ssor principle, and finds 7 to 8 times as much depressor substance 
in the posterior as in the anterior lobe. Fromfits general behaviour 
he thinks it may be histamine. 

Histamine has been isolated from the products of putrefaction of 
polished rice** and has been found in a hot w'ater extract of the egg¬ 
plant (Solarium meJongena L.).*’ ero-N-Mcthylhistaminc has been 
prepared by F. L. Pyman and R. C. Farghor by decarboxylation 
of A:o-N-methylhistidine.** Its actions on the blood pressure and 
on the uterus are ro.spectively about one two-hundredth and one 
eightieth those of histamine.** By condensing histamine with 
methylal, S. Frankel and JC. Zeimer obtained tetrahydropyrido- 
3.4-iminazole, 

/NH-C-CHjOH., 

CH - I 
' N -CCHs-NH, 

whiclj was alat^l.fo bo superior in activity to hishimine. A re¬ 
examination of this substance by Dale and Dudley shows that in 
reality it has only one fifteen-hundredth the activity of histamme 
on uterine muscle and no significant action on the blood-pressure.** 
A. Windaus and 0. Dalmer have prepared /3-2-furylethylamine 
and its ^etrahydro-derivative vfith a view to finding an outlet for 
derivative^ of furfuraldehyde.*® The oxytocic activity is, however, 
small, being one (^farter and one half, respectively, that of hydr- 

*« J. Vharm. Exp. Thar., 1919,14, 295. 

Ibid., 1921,18, 27. 

*» Ibid., 1920,15, 347. 

<1 Ibid., 1921, 18, 1. 

** K. Yoshimura and K. Cfienfon, J. Ghegi. Sue., Japan, 1921, 42, 22 j 
J., 1921, 275a. 

** K. Yoslfimura, J. Ghcm. Sue., Japan, 192t, 42, 16; J. Ghem. Sue., 
1921, i., 29fit 

** Ghem. Sue, Trans. ,J»21,119,^34 ; J., 1921, 487a. 

** H. H. Dj,le and H. W. Dudley, J. Pharm. Exp.O'her., 1921,18,103. 

*• Ber., 1920,58,2304; J. Ghem. Soc., 1921, i., 117. 
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astmine. Kperonalcyanhydrin, CHjCH: CeHj.CHOH.CN, has been 
reduced to the corresponding hydroxyethylaraine derivative, 
CH 2 O 2 ; CeHj.CHOH.CHa.NHj which ,bears some relation to 
adrenaline. Its physiological action has not been recorded but 
would 'probably be negligible.” The sympathomimetic action 
of oc;S-tetrahydronaphthylamine (I.) was demonstrated by Dale 
and G. Barger and by Joncscu. * * By the introduction of a hydroxyl- 
group^n the a-position and various alkyl groups into the amino- 
group, a number of derivatives of the hydroxyamine (11.) have 
been patented an'd are stated to be very active physiologically**:— 
/X /CHj-CHNHj /\/CHOHCHNHj 

( I I II I 

I. II. 

What appear to tie the preliminary stages of the synthesis of 
thjToxin have been pubUshod by E. 0. Kendall and A. E. Osterberg, 
who record the synthesis of cyclohexane derivatives on a fairly 
large scale.*® The published evidence foi* the now familiar formula 
ascribed to thyroxin by these authors would hardly seem sufficient 
to justify syntheses in the cyclohexane series. The question qp to 
whether the iodine or the nuclear arrangement is responsible for the 
specific action of th 3 roxin is receiving attention from these authors 
in sjTithetic experiments, but the detailed evidence is not yet 
available. “ • 

Glfcosides ANn Neutbal Principles. 

A contribution to the chemistry of digitalis has been made by 
M. Cloetta.** The position of the subject previous to this was 
substantially that described in a previous report.*® The claim is 
now made that digitoxin has been obtained pure and of constant 
m.p. 252° C., when crystallised from a mixture of chloroform and 
ether. It has the formula CnH,oO, 4 , and on hydrolysis with 
hydrochloric acid in aqueous alcohol at room temperature gives 
rise to digitoxigenin, m.p. 245° C., two molecules of digitoxose, 
m.p. 107° C., and a third substance which is an oil and‘probably 
has the formula This latter substaijce proba'faly corres¬ 

ponds to the resin which is obtained together‘with digitoxose by 
hydrolysis by Kiliani’s method using hot hydrochloric acid (0-5%). 
When heated in a very high vacuum above* the temperature of its 
melting point digitoxin yields a volatUo crystalline compound 

« F. A. Mason, Cfhem. Sm. Trans., 1921,*119,1^77. 

*• J. Physiol., 1910,12, 19. 

“ Tetralin G.m.b.Hn G.P. 335,476 ; J., 1921, 503a. ‘ 

*• J. Amer. Chsm. Soe., 1920, 42, 2616 ; J. Ghem. Soc., 192r-, i., 101. 

• ** E. C. Kendall, Surg. Oynec. Obsttt., 1921„82, 205. ’ * 

. »* Arch. Exp. Path, Pharm., 1920,88, Il3 ; J. Ghem. SocH, 1921, i., 39, 

1014% O OrtA * 
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CjHijOi, m.p. 4i6°C. Tlip fiion-volatile residue, called digitan, 
has the formula CsjHjbO,,,, and on,hydrolysis gives two molecules 
of digitoxose and one of digitoxigenin. 

C3(.H6.0,„ + 2H^O =- CJ4H3.O, + 2C,H,30, 

Digitan. Digitoxigenin. Digitoxose. ■’ 

The volatile crystalline substance coiresponds therefore to the 
oily substance obtained on hydrolysis of digitoxin. 

Digitoxin and digitan have the same powerful action on the frog’s 
heart and an action of^the same character on mammals. Digitoxi¬ 
genin, which is no longer glucosidic, still possesses a marked action 
on the frog’s heart but in addition it acts as a convulsive poison. 
It is possible that this latter action is responsible for certain unde¬ 
sirable secondary effects observed in man in digitalis therapy. 
The digitoxins of Kiliani are considered by Oloetta to be mixtures 
of varying degrees of purity, whilst his digitophyllin is probably 
almost pure digitoxin, as its analytical figures, crystalline form, 
solubility, and hydrolysis agree with the pure digitoxin now 
obtained. The digitoxuis and digitalins of commerce, though 
crystalline, are mixtures from which pure digitoxin with m.p. 
252° C. can be isolated. 

A* new reagent which may prove useful for the synthesis of 
a-glucosides and disaccharides of the a-series is described by A. 
Pictet and P. Castan.®* a-Glucosan, the anhydride of glucose, is 
converted by concentrated hydrochloric acid into a-gluoosyl 
chloride, CeHuOsCl, which has a reactive chlorine atom attached 
to the first carbon atom of the chain. By the action of sodium 
methoxide i?is converted into a-methylglucoside and by potassium 
glucosan into a-glucosidoglucose, a crystallino sugar resembling 
gentiobiose. > , ’ j 

Glycyrrhiiffln, tlio sweet principle of liquorice root, has been sub¬ 
mitted to further examination.It was originally described as 
containing nitrogen, but this is shown to be incorrect. On hydro¬ 
lysis it yields glycyrrhetic acid and two molecules of glyouronic 
acid It^ctone. The reaction is, however, a complex one. 

Hyemnc^ globosa, a South African plant, said to have been used 
for poisoning hyenas, has been shown by T. A. Henry®' to contain 
hyenanchin, a convulsant, non-nitrogenous poison, CjsHigO,. 
It is crystalline and its reactions show that it probably belongs to 
the group of similar poisons represented by picrotoxinAi, coryamiri- 
tin, and tutin. tt is accompanied in thn plant by an isometide, 
tso-hyenanchin, whiol* is relatively non^toxic.* Both substances 
are Intones. 

“ Hdo.Ohvm. Acta, 1921, 4, 319 ; J. Ohem. Soc., 1921, i., 396. 

“ P. Karrei*, W. Karrerg and J. 0. Chao, Bdv. Chim, Acta, 1921,4,100 j 
J., 1921, 194a. • * 

»• Ohem. Sdt. Trans., 1920, 117 , 1619; J., 1921, Ofa. 
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Some years ago J. J. Abel and 1). Macht®’,|Wlated a neutral 
‘principle bufagin, CtsH 2404 , fropi the parotid gland„of the tropical 
toad. Its action physiologically was that of the digitalis group. 
The same substance was found later in' “ senso,” a Chinese drug 
prep^rc«l from toad-skins, together with bufotoxin, a member of the 
picrotoxin group of poisons, but this latter substance was not 
obtained pure.''" Bufotoxin has now been prepared crystaUine 
from the same source and has the formula CgHioO™."” BufotaUn, 
C 16 H 24 O 4 , the poisonous prmciple of the common toad, resembles 
bufagin but is not identicarwith it. Like other members of this 
group of neutral piincijdcs it is a lactone.*" 

Esskntial Oils. 

In the production of camphor, Japan still controls the major 
supply, the record production for BUG being 84 million lb.*' -The 
acreage of artificially planted camphor trees is, however, being 
rapidly extended in various parts of the world, there being over 
16,000 acres in the United States alone, Vith an eventual yield of 
120 to 1501b. of camphor per acre.*" The first camphor farm in 
Florida has placed 10,(X)0 lb. of camphor on the market since, the 
beginning of the year.** Tlic maximum yield of camphor not being 
obtained till the trees are 50 to 60 years old, necessitates the use 
of leaves and twigs of younger trees with the disadvantage of smaller 
camphor content and absence of vttluable by-products of the 
camphor-oil, e.g., safrole,®* which, in addition to other uses, serves 
as a basis for the preparation of piperonal.** The jjeroduction of 
isoprene from light camphor oils in small yield has been shown to 
occur by passing the oil over various catalysts at 500° C.** 

The synthetic production of camphor continues to attract the 
attention of celluloid manufacturers. Economically the problem 
is an extremely difficult one, and is primarily dependent on a 
plentiful supply of turpentine rich in pinene. This limits the 
countries for its successful production to a few. During the war, 

J. Chem. Soc.t 1912, ii., 1194. ^ 

« S. Shimizu, J. Oiem, Soc., 1919, i., 098. Cf. Barger, J., 1918, 33t. 

K. Kodama, Phyaiol. Abs., 1921,487. 

'» H. Wieland and F. J. WeU, J. Ghetn. Soc., 1913, i., 1343. C. H. 
Boehringer, GIF. 248,737 and 282,751. Cf. H. Sandovsky, J. Chem. Soc., 
1920, i., 495. 

*1 J., 1921, 148b. 

J., 1921, 237b, 379b.' 

•> J., 1921, 388b. , 

•* J., 1921, 254b. 

, S. Nagai, J. CAem. iSoc,, 1920, i., 

Y. NishizQtwa, /. Tokyo Ohom.*“So€tf 19S0, 41, 1048,; J. Ch&m, Soc., 
1921,1., W- 
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owing to the fas^e of outgiue supplies, the Sehering interests in 
Germany manijfaetured synthctie eamphor ; in the United States 
the present trade depression has caused the suspension of work on 
the erection of a s)TithelLic camphor plant to work a German 
process.®’ A. Dubose smd A. Luttringcr have described, various 
methods for the preparation of hornyl esters, chiefly , the formate 
(a possible intermediate product in the preparation of camphor), 
by the action of formic acid on pinene hydrochloride in the presence 
of various reagents, e.ij., sodium formate, zinc powder, iron filings ; 
and processes for oxidising the boi’nyl esters to camphor by means of 
peroxides are described.'* The production of borneol from turpen¬ 
tine or crude pinene by the action of tctrachiorophthalic acid is the 
subject-matter of two patents." Unlike the product of the action 
of other acids on pincni^ the borneol is free from iso-borneol and is 
optically active. This might be of importance where a pharmaceu¬ 
tically pure camphor is required, although pharmacologically there 
is little or no difference between the action of d-, and r-camphors.’* 
When heated with a carboxylic acid, pinene hydrochloride in 
presence of 5% or less of zinc gives the iw-bornyl ester and 
camphene.” 

flflic production of synthetic substitutes for camphor is a phase of 
the question which has not been lost sight of, and a valuable account 
of the progress to date has been given by A. P. Sachs and 0. Byron.” 
Various diaryldialkylcarbamides have recently been protected. 
They are misciblb in all profiortions with organic solvents and with 
collodion.’* 

The universal prevalence’® of hookworm infections among the 
natives of tropical countries is a source of great economic loss. 
The campaigns’^against this disease show that the most valuable 
anth^minthiCs are chenopodium oil, followed closSy by thymol 
and /3-naphthol.’' J. F. Gains and K. S. Mhaskar, having a good 
supply of clinical material, have correlated the action of anthelmih- 

J., 1921, 388k. 

" •BiH.Soc.Ind. Bouen, 1920,48,88,89 ; J. Gliem. Soe., 1921, i., 115,116. 

“ Fab*, de Prod. Chim. do Thann et dc Mulhouse, E.P. 144,604 and 
168,633 ; J., 1921,369^, 561a. 

G. Joachimoglu, Arch. Exp. Path. Pharm., 1920, 88, 364 ; J. Chem. Soc., 
1921, i., 146. 

’* L. G. Wesson, U.S.i?. 1,372,382 ; J., 1921, 389a. 

CAem., 1921.13,893. * 

I® Fabr. de Profl. Ohim. Orgiinique de Laire, G.P. .3^3,534 ; J. Chem. Soc., 
1920,1., 879. C/.H.E.Herz,d., 1921,365k. a 

’* K. S. Mljaskar, Ind. J. Med. Reis., 1919-20, 7, 428. J. W D. Megaw, 
ibid., 840. , 

’® Ann. Repds., 1919,4, 497. Trap. Dia. Bull., 1921,18, 124. Ptoc, Roy. 
Soc.Med.,im,li,Vi. “ , 

J. F. Calms and K. S. Mhaskar, Ind. J. Med. Rea., 1921,9,33. 
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thics with their chemical compositi6n.’'' OH of /ihenopodium was 
found best, being a powerful vermicide; it suffers however from 
the disadvantage that there is ho simple and accurate method of 
determining the optimum dose, owing to variations in the ascaridole 
content.. The constituents of oleum chenopodii have been re¬ 
examined by T. A. Henry and H. Paget, who definitely prove that 
the active principle is ascaridole, the remaining hydrocarbon 
fraction being inactive.’* The same oil acts as an efficient vermifuge 
for stiibngyloides infections’* and other intestinal parasites.** A 
number of other ersential oils Vere examined by Caius and Mhaskar, 
but only oleum eucalypti had any anthelminthic action and this 
slight. Thymol, the dosage of which is certain, had powerful 
vermicidal and mild vermifugal properties. 

Baker and Smith’s classic “ Research on the Eucalypts and their 
Essential Oils ” has reached a second edition.®’ These unique oils 
of the southern hemisphere are attracting an ever-increasing circle 
of investigators. Two constituents, phellandrene and piperitone, 
are now commercial products.** The constitution of the latter 
substance, about which there was some doubt, has now been 
elucidated. Piperitone as it occurs natm-ally in various species of 
eucalyptus is l 8 evorotator 3 '’, but is racemised by alkali or heat.** 
The dextro-form occurs to the extent of 46% in the essential oil 
of Cymbopogon sennareHsis,‘* in oil of Japanese peppermint,** in 
camphor oil, and in the oil from Andropogon iwaranacuaa^^ to the 
extent of over 70%. The products df oxidation, especially dios- 
phenol, *’• ** prove it to be A’-p-menthene-3-one. On oxidation 
with ferric chloride and acetic acid, piperitone gives a ^5% yield of 
thymol.** A cheapening of this process and a better yield would 
probably enable thymol from this source to be a commercial 
proposition. “ '■ 

(^nnene, the chief constituent of spruce turpentine, to which 
r&ferenoe has been made in a previous report,** still serves as a 

” Ind. J. Med. Bea., 1919-20, 7, 429, 570, 602, 606, 722 ; ibU., 1920-21, 
8, 125, 373, 379, 384, 737. 

’* Chem. Soe. Trans., 1921,119,1714; J., 1922, 33a. 

’• H. H. Willis, Trap. Dis. Bull., 1921,18. 116. 

** E. B. Boyer, J. Amer. Med. Assoc., 1920,75,17t>2. 

•» J., 1921, 183e. 

«* Perf. Essent. OU Sec., 1920,11,361. , 

«* J. Eeed and H. G. Smith, Chem. Soe. Trans., 1921,119, 779; J., 1921, 
660a. 

»‘ 0. D. Boberte, J., 1915,1166. 

•* Schimmel's Bep., 1910, Oct., 1897. 

•• J. L. Simonson, Chem. Soc. Trans., 1921,119,1644 j T., 1921, 889a. 

•’ A. B. Penfold, Proc. Ray. Soc., N.S.W., Aug. 3rd, 1921. 

’ *• Perf. Essent. OU Bee., 1921,12, 21. 

• **J6id..21. , 

•» Atm. Repts., 1919,4, 496 j 1920,5,496. 
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subject of much {Rvestigatidn." Its oxidation by air under pressure 
has been examined,®* and its conversion into p-nitrotoluene-o- 
sulphonic acid, which can serve as the basis of stilbene colouring 
matters. Its purification and use as a solvent have been described 
by A. S. Wheeler,'® whilst the electrolytic reduction of nitrocymene 
and conversion into thymol,®* and its-conversion into •nitroamino- 
derivatives; diamino-derivatives, benzidine-derivatives, and sul¬ 
phonic acids are the subject-matter of patents.®® 

Comparatively little., is known about the odorous principles of 
fruits. Kleber about a decade ago showed that banana contained 
amyl acetate. ®® F. B. Power and V. K. Chesnut, as a result of their 
examination of ripe apples,®’ have covered by patent,®* a synthetic 
apple oil consisting of the amyl esters of formic, acetic, caproic, 
and caprylic acids, together with acetaldehyde. The same authors 
have examined the odorous constituents of peaches and find present 
the formic, acetic, valeric, capric, and caprylic esters of linalool, 
together with some acetaldehyde." The possibility of utaising 
the hydrolytic products of proteins (a process carried out on the 
manufacturing scale in Japan) for the production of nitrogen-free 
esters with a fragrant odour has been examined by S. Kodama, 
whu prepared several substituted esters from tso-hexoic acid.*®® 
Great activity is being shown by the Japanese in the examination 
of the essential oils of eastern plants. The majority of the con¬ 
stituents when characterised are identical with the constituents of 
better-known oils. Of speciW interest is perillic aldehyde, C 10 H 14 O, 
isolated to the extent of 44r-57“4 from Perilla mnkinensis}'>^ Its 
a-antioxime^s stated to be 2000 times as sweet as cane sugar. The 
corresponding nitrile is one half as sweet as saccharin, whilst the 
/3-synoxime lack^ sweetness. F. W. Semmler and B. Zaar, who 
first isolated this «.]dehyde, attributed to it the con^itution 4-tso- 
propenyltetrahydrobenzaldehyde.*®® 

The estimation of cineole in eucalyptus oil*®* forms the subject 6 f 

•* H. Schrader, Oea. Abhandl. Kennt. Kohk, 4, 310 ; J. Ghem. Soo., 1921, 
i., 329. 

®® S. y. Hintikka, Ann. Acad. Soc. Pennkw, 1917, 10 , 1 ; J. Ghem. Soc., 
1921, i., 332. 

®* J. Amer. Clieni^'Soc., 1920, 48, 1842. 

®* B. M. Cole, U.S.P. 1,378,939 ; J., 1921. 661a. 

®® The Selden Co., U.S.P. 1,314,923, 1,314,924 and 1,314,927 ; J., 1921, 
323*. 

•• J., 1913,104. 

J., 1920, 6091a. 

»» U.S.P. 1,366,641 *J:, 1921, 195a. 

»» J. AmeroGhem. Soc., 1921, 48,1776. 

iw J. Tshyo Chem. Soc.f 1920, 41 , 965 ; J. Chem. uSoc., 1921, i., 220. 

S. Furukwwa and Z, Tomizawa, J. Chem. 8oo.t 1920, i., 760. 

J., 191U 154. 

«» Am. B^pU., 1916, 1. 297. 

2 £ 
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several oommunioations. An impro^eipent on all''previous methods 
has been efieoted by the introduction by T. T. Cocking of the use 
of the addition compound with o-cres6l.*“‘ Its application was 
limited to oils containing 45% or more of cineole, but the same 
author has now shown how it can be applied to oils of lower cineole 
content.'"'^ ■ 

Synthetic Deugs. 

' Organo-MetaUic Compounds. 

A glance through the publications in organic chemistry of the 
last few years shows that a fair percentage of the labours of 
organic chemists is devoted to developments in the organo-metallic 
compounds. The past year is no exception. The incentive has 
been largely due to the action of these substances on living tissues or 
protoplasm, whether,the products be designed for chemical warfare 
on man or his parasites. 

Arsenic Compounds. —^The search for the cause of the variation of 
toxicity shown by commercial samples of salvarsan has given rise 
to an immense volume of work. The concensus of opinion, now, 
is that it is physical,”' being intimately bound up with the coUoidal 
properties of the substance. A valuable analysis of the phy.«ical 
factors concerned has been given by C. N, Myers.*'’ The physical 
state is, however, influenced by the presence of foreign substances. 
The constituent of salvarsan containing sulphur, insoluble in methyl 
alcohol and isolated by Pargher and P^’man,*" has now been shown 
by the writer to consist of the monosulphonic acid of salvarsan 
associated with varying proportions of salvarsan sulphate.*" 
The chemotherapeutic index, I, which is the ratio of the curative 
dose, C, to the maximum tolerated dose, T, as determined on mice 
infected yfiti!'Trypanosoma eqaiperdum, for the sulphonic acid is 
1-4-5, whereas pure salvarsan, free from sulphur, prepared by the 
itse of hypophosphorous acid, has an index of 1-13’5. The presence 
of this monosuIJjhonic acid in salvarsan, from the point of view of 
its contribution to the therapeutic efficiency, is therefore undesirable. 
Pure salvarsan prepared by reduction of 3-amino-4-hydroxyphcnyl- 
arsinic acid by h 3 rpophosphorou 8 acid has the disadvantage of low 
solubility.*"* **' By first reducing the acid to'the oxide by means 
of hydriodic acid and sulphur dioxide and continuing the r^uction 

*" J., 1920, 610a ; 1921, 162a, 238a. ‘ 

>" Per/. Esae«t.'OaRec., 1921,18,339; J., 1921, 869a. 

*" M.R.C. Bep.,<No. 44, Beid Hunt, J., diner. Med. Assoc., 1921,76, 854. 

*«’ J. Lahorat. Clin. Med:, 1921, 7 , 17. ' 

*" J., 1920, 465a : 4nn. Repts., 1920,6, 601. 

*»• H. King, Chem. Soc. Trans., 1921, 119 , 1107, 1415 ; 1921, 636a, 

?86a. 

• **' W. G. Chnstianaen, J. Amer. Chm. Soc.,' 1920, 48, .2402 ; J., J921, 
97a ; Ann. Bepto., 1920, 6. 601. • 
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to the arseno-tiage by fiypbphosphorous acid, it is now shown 
that the product is more soluljile.‘“ A number of compounds* 
which might possibly occur in commercial salvarsan through the 
use of impure materials have been prepared and examined thera¬ 
peutically by G. W. Rftiziss and J. L. Gavron.“* ^ 

E. Fourneau has prepared a number of arsinic acids and finds 
that the parent acid of salvarsan is the least toxic.”’ Oif experi¬ 
mental trypanosomiasis, spirillosis, and syphili?, it proved to have 
great curative power* Although Ehrlich and Hata exammed this 
acid and rejected it owing to the nervous symptoms it evoked, 
Fourneau considers this to be due to impurities. The chemothera¬ 
peutic index is equal to that of salvarsan, but the actual tolerated 
and curative doses are ten times as great as in the case of salvarsan, 
clearly an undesirable feature for clinical use. 

Commercial neosalvarsans show much. greater variation in 
composition and properties than salvarsan.”* The examination 
of the distribution of sulphur and the behaviour towards iodine have 
contributed greatly to J;he elucidation of the cause of this.”’ It 
is due to the presence of the mono- as well as the di-formaldehyde- 
sulphoxylates of salvarsan in varying proportions and to the 
presence of uncombinod sodium formaldehydc-sulphoxylate and 
inorganic salts.. The condensation of atoxyl and formaldehyde- 
sulphoxylate has been described by A. Binz and E. Holzapfel.”* 
Combinations of salvarsan and neosalvarsan with mercuric 
chloride have been tried clmically in Germany. That the combina¬ 
tion is a dangerous one is evident; the products have been fully 
investigati*! by Binz and H. Bauer”’ and include some toxie 
substances. 

Of the large/number of derivatives of p-aminophenylarsinic acid 
prepared aaid .';<i,inincd by the Rockefeller Instiftite,”’ trypars- 
amide, AsO 3 H 2 .C 0 H 4 .NH.CH 2 .CO.NH 2 , appears to be relatively the 
most favourable in its therapeutic action. Towards mice and 
rats infected with Trypanosomae rhodesiense, gomMerwe,”* and 
eqmperdum,^^<‘ it has respectively the chemotherapeutic indices 
1/1.5’, 1/7 to 1 /5, and 1/10. It has been tried clinically in the* 

W. G. Christjjlnsen, J. Ainer. Chem. Soc., 1921,43, 370 ; J., 1921, 277a. * 
Ibid., 1921, 43, 582 ; J., 1921, 320a. 

Ann. de Vlnsl. Pasteur, 1921, 35, 571. 

“* C. Voegtlin audH. W. Smith, J. Pharm. Exp. Then, 1921,16, 449. ’ 

G. W. Kaiziss and M. Falkov, J., 1921, 320a. It. D. Macallum, ibid. 

”• Ber., 1920r58, 2017 ; J. Chem. Soc., 1921, i..30. 

Z. angew. Chem* 1921,34,1261; J., J921, 627a. Cf. W. KoUe, Med. 
Klin., 1921, 1604. 

Atm. Bepts., 1919,4,501. 

“» L. Pearce and W. H. Brown, J. Exp. Med., 1921, 83, 193. Cf. M. 
Leger and E. Tejea, BuUfde Vlnst. "Pasteur, 1921, 19 , 557, 

C. VoiJgtlln and H. W. Smith, J. Pharm. Eiip. Ther., 1920,16, 476. 

, 2l2 
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Belgian Congo on 77 human cases, ho .relapse occurring in some 
cases up to 111 da 3 is.“i ^ 

An arsenical preparation which has an advantage over all others 
in that its subcutaneous or intramuscular administration is rela¬ 
tively ^paiuless is sulfarsenol, the essential‘ingredient of which is 
the combination of salvarsan base and formaldehyde-bisulphite :— 


NHs_ _NH-CHj-S 03 H 

oh/ V 8 = as/ /oh 


It was originally' protected by the Germans'® but not taken up 
clinically, and has now been introduced by the French. The 
results obtained with spirochaeta pallida, the organism of syphilis 
in man, arc almost uniformly favourable.*® 

Arsenic compounds of the pyrazolone series have not hitherto 
been described. The lacuna is now supplied by a patent*® which 
describes the jireparation, for example, of the arseno-derivatives 
of aminoantipyrine, into the amino-group of which can be intro¬ 
duced the groups —/jHj.COjH,—CHj.SOjH., and—CH.-SOjK, with 
the production of the analogues of the salvarsan series. The 
products arc said to be highly spirillocidal:— 

Me-C =- C NH CHj COjH 

Me-TI CO 
\/ 

NPh-AaOaHj- 


Ardimmy and Biamidh Compounds. —^The success which has 
attended the use of organic compounds of arsenic in miedicme has 
not found a counterpart in the corresponding antimony compounds. 
The only derivative of antimony which has proved of real value is 
tartar emetic. It was shown by J. B. Christopherson that intra¬ 
venous injections killed bilharzia in all its stages, the chitinous 
shell of the ovum even being permeable.*® The successful treat¬ 
ment of a thousand cases of bilharziasis in Egypt by one clinic is 
recorded, although a desire is expressed for a somewhat less toxic 
substance.*® The related bismuth compound, sodium pdlassium 
bismutho-tartrate, has recently attracted considerable notice. 

L. Pearce, J. Exp. Med., 1921,84, i., 1- 
*® Meister, Lucius, lind Bruning, E.P. 3615,1912 ; J., 1912,844. 

*® Levy-Bing, Lehnhoff-Wyld and Qerbay, Ann. Malad. Vener., 1919, 14 , 
520, A. Mouneyrst, i&td., 15, 602. E. Chabronx, i&id., 1921,16, 250. F. C. 
Doble, Lancet, 1920, 199, 243. E. Crawford and G. B. Fleming, i6uf., 1921, 
% 700. L. W. Harrison, ibid., 1921, 2, 828. 

“* Meister, Lucius, ur;i Bruning, G.P. 313,320 ; J., 1921, 637a ; E.P. 
148,870 i J., 1921, 798a. 

Brit. Med. J., 1920, 2, 854. G/. Tsykafas, Wien. Elm. Wochsc/i., 
1921,84,580. . . ' , . 

*" F. O, Easbrey and B. B. Coleman, Brit. Med. J., 1921, fc 299. 
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B. Sauton and E. Robert showed*” that this substance had a, 
curative actfon on sjurillosis. ‘An extension to experimental 
sjfphilis in the rabbit was made by C. Levaditi and R. Saverac with 
equally good results.*** The same authors have applied it to the 
human subject in five cases with somp success,*** and a v^ favour¬ 
able report of 110 human cases is presented by L.*Fourqier and 
L. Gn6not.**“ Unlike many of the arsenic drugs, sodium potassium 
bismutho-tartrate is much more toxic to spirochaetes <±han to 
trypanosomes.’** * , ^ 

Hypnotics. 


The presence of alkyl groups is often associated with hypnotic 
properties. That similarity of molecular build or arrangement may 
play a part may be seen by comparing the following formulse, which 
represent substances possessing hj’pnotic and narcotic properties :— 


CO—NH 

Et/ I I 
CO 


NH 


I. 


CO —NH CO—NH CO—NH 


Et/ I 
NH 
II. 



^\l 




Et/[ 


Et/ 1 

CO 

C^H,^ 

■)0 

0 —( 


III. 


IV. 


Luminal (I.)-and nirvanol (11.) are well-known hypnotics. The 
third formula is that of diethylliomophthalimide, a member of a 
group of hypnotics prepajed by A. Lnmierc and F. Perrin*** and 
described in last year’s report. The fourth formula is that of a 
diketotetrahydro-oxazole, a member of a new group of hypnotics 
obtained the action of chloroformic ester on the corresponding 
disubstituted glycollamide. This last group forms soluble salts 
with alkali h<^lroxides or carbonates.*** Lumbal (I.) forms 
addition ctimpi.ands with morphine alkaloids, e.g., morphine, 
ethylmorphine, and codeine, and the products are used for induejng 
“ twilight sleep.”*** Diallylbarbituric acid algo forms similar 
crystalline addition compounds.*** 

Various methods for the preparation of the hydantoin type of, 
hjfpnotfo (II.) have been described previously.*’® Other avenues 
of approach are •being systematically explored and covered by • 
patent. Arylalk^malononitriles, Ri(R 2 ).C(CN)j, are treated with 


*** Ann, de VInet. P<vtmr, 1916,30,261. 

**" Compten rend., 1921,173,1391; 1921,178,120J. 

**» im., 173,^38. 

*»» im., 674. 

*** R. Saverac ana o. Lcvaain, Oomplea rend. Soc, biol., 1921,8S, 430. 
’** J., 1921). 762a. 

**• SoA Chim. dee Uaines du RhCne, E.P. 169,153 ; J., 1921, 717a. 
*•* Qes. foJ. Chem. Ipel. in Basle, G.P. 330,814 ; J., 1921, 446a. 

• »*» Jiid., 6.P. 322,336 ; J. them. Soc., 1920, i., 7^6. * 

*» Ann Septa., 1916,4,498. 

_ • 
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hypochlorite or hypobromito solutionSr with prb(5uction of the 
hydantoins,’” or urCThanoarylalkylaoetic acid esters 6 f the formula 
R(Ri).C(NU.C 02 R)C() 2 R are treated with ammonia or mono- 
alltylamines.'’* 

A nfimfi'er of urethanes con 1 ;aining a chlorine iitom, of the general 
formulq, GIfaCl.CH j.CHR.OCONHs, and others containing a 
phenyl group of the type Ph.OHR.OCONHj have been prepared 
in orden to study (;heir hypnotic properties, by J. Puyal and MUe. 
Montagne.*®* The same authors in conjunction with M. E. Four- 
neau are examiiuhg the preparation of cyclohexanecarboxylic 
acid (I.) and its derivatives, as it bears a resemblance to a-ethyl- 
valeric acid (II.), some derivatives of which have sedative proper¬ 
ties.**® 


.COjH .CII.CHj, .OO.H 

OH / >p/ Ch/ 

^cHj-ch/ \h oh^-ch/ 

I. II. 


Chloral has been condensed with p-acetylaminophenol, the basal 
substance of a number of antipyretics. TBe product, NHAc.CeH,. 
O.CHOH.CCI 3 , is said to be a more energetic soporific than chloral.*** 


Local Anaesthetics. * 

The possibilities of variation in the alkamine esters appears to 
be unlimited. p-Aminobenzoic acid forms the starting point for 
many substances with ansesthctic properties.' The availability of 
n-butyl alcohol has led to the preparation of w-butyl p-aminoben- 
zoate,’** NHa.CjHj.COOCjHe, and the general interest exhibited 
in allyl derivatives since J. v. Braun's discovery that N-aUylnor- 
codcine was physiologically antagonistic to morphine, to the allyl 
ester of p-amiaobenzoic acid.*** »-Butyl esters of 0 -, m-, ,and 
p-amino- as well as of 2.4- and 3.6-diaminobenzoic acids have 
been prepared. By means of a rough test for anaesthetic power the 
M-butyl and ally! p-aminobenzoates and »-butyl 3.6-diaminoben- 
zoate were found to be the most active.’** A somewhat less com¬ 
mon combination is that of o-diethylaminocyclohexanol^and p- 
aminobenzoic acid, but its action has not yet been recorded.*** 
H. Thoms and K. Ritsert have prepared a numb<ir of derivatives of 

”* Chem. Fabr. von Hoyden, G.P. 335,994 ; J., 1921, 601a. 

>*• Ibid., G.?. 335,993 ; J., 1921. 601a. 

’»• Bull. Soc. Chin-,., 1920, 27, 857 ; J., 1921, 60a. 

**» Aned. Fia. Quim., 1921, 19 , 192 ; J. Chem. Soe., 19S1, i., 566. 

. *•* O. Hinsberg, G.¥*. 332,f78 ; J., 1921, 370a. k 

*** Soo. Chim. des Usines du Rhone, E.P. 148,743 ; J., 1921, 196a. 
H.C.BriU,J., 1921,748a. ' 

*** The Abbott Laboratories, U.S.P. 1,360,994 ; J., 1921, ^12a. 

**** H. C. Brill, J. Amer. Chem. Soe., cl921, 48,■ 1,320; J., 1921, 748a. 

*** A. -E, Osterbergoand E. C. Kendall,'ibid., 1921, 48, l370; J., l921, 
748 a. 
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anKathesin, NHj.^jHj.COsKt, by introducing positive or negative 
groups into thfe amino-group.”* ffhe products have been tested 
by J. Morgenroth,”’ who found that the ansesthetie property 
disappeared on introducing negative groups, and that in general 
substitution of the amino-hydrogen atoms reduced the arfsesliictic 
action. In one case only, that of the hydrazine, NHj.NH.CeH,. 
COjEt, was the activity comparable with that of ansethesin.* 

In the well-known anEBsthetic novocaine, NHj.CoHi.COj.CHj. 
CHj.NEtjHCl the diefiiylaminoethyl,radicle is combined with the 
carboxyl group. The anaesthetic properties may*also appear when 
this radicle is introduced into the amino-group. Thus, in general, 
/8-chloroethyldialkylammes react with p-aminobenzoic acid esters 
with production of /8-dialkylamino-ethyl-p-aminobcnzoio alkyl 
esters.***:— 

Cl.CHj.CH2.NRj-fNHj.C,H,.COjR» ^ RsN.(UHs)2.NH.CeH,CO,R' 
The p-aminobenzoic acid esters used are methyl, ethyl, propyl, 
n- and iso-butyl, and iso-amyl. 

A number of compounds of the novocaine type have been pro¬ 
tected in the United States, of the general formulae, Ar.COj.iCH j),. 
NRj and Ar.COj.{CHj) 3 .NRRS and in particular NHj.CoHj.COj. 
(Cll 2 )j.N(C 4 He)j, the dibutyl analogue of novocaine.*** The 
replacement of one of the ethyl groups in novocaine by ansaturated 
groupings, e.g., allyl or styryl, leads to the production of substances 
with enhanced local anaesyietic properties.**" 

In the aliphatic series, E. Foumeau has prepared ethyl tetra- 
methyldiaminohydroxyisobutyrate by the action of dimcthylamine 
on dichlorohydroxyisobutyric acid ethyl ester. The benzoyl- 
derivative proved to have a local anaesthetic action but was 
irritant.*** . 

A study of tiio influence of the aeid radicle on the anaesthetic 
properties of various esters of dimethylaminodimethylethylcarbinpl 
has been made by J. M. Cano and J. Ranedo.**.* The esters of 
benzoic, heptoic, and cyclohexanecarboxylic acids were of almost 
equal.anaisthetic power, and within limits anaesthetic power in¬ 
creased wjth the molecular weight of the acid radicle. 

Antiseptics. 


The conditions which an ideal antiseptic for use in vivo must 
fulfil are very stringent. At the present time hexamethylene¬ 
tetramine is widely used to produce urinary antisepsis because it 

**• Ber. deuU. Phart^. Gc«.,1921, 81, 66 ;. J., 192ir277A. 

**’ Ibid. 


**» Soo. CHlm. des Usines du Rh6ne, E.P. 163*827 ; J., 1921, 27a. 
**• Thd Abbott Laboratories, U.S.P. 1,368,760-1 ; J., 1921, 238a. 
*“ J. V. Braun and 0. Braunsd^rf, Ber., 1921, M, 2081. 

•*** BuU. She. Ghim.,\m, 29, 413 j J., 1921, 527a.» 
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liberates formaldehyde in the urine, »but onlySf this is acid, a 
condition difficult to ensure.**” *. E. G. Daris examined 204 readily 
accessible aniline dyes with a view to their use as urinary antisep¬ 
tics.*** Out of the 204, fifteen were chosen which were (a) antiseptic 
in urines'- (b) excreted by the kidney, (c) relatively non-toxic. Of 
these only two, acri-flavme and flavine, caused the excretion of 
antiseptic urine after intravenous administration. The most 
promii^g groups''were the triphenylmethane, xanthone, acridine, 
and azme groups. Acriflavinp has also provdd an efficient antiseptic 
for gonorrhoea.**^ 

A valuable contribution to the chemotherapy of the acridine 
group has been made by J. Morgenroth, R. Schnitzer, and E. 
Rosenberg.*** The order of activity towards streptococci in vitro 
of a series of acridine compounds of the type (I.) where R may be 
various alkyl groups,* was different from the order of activity to 
the same strain of streptococci in vivo, and using other strains of 


NH-C,H,OH 


NH, 


NH, 


“aix) (XDO™. 


s/NH, 


I, n. 


III. 


streptococci, this series was inactive to many. The search for the 
“ pantherapeutic agent ” for streptococci resulted in the discovery 
of two very active substances (II.) anS (III.), of which 2-ethoxy- 
6.9-diaminoacridine (III.) has been introduced as a commercial 
product under the name livanol. For all strains of streptococci 
examined, the disinfection quotient, which is the ratio of the 
concentration which kills in vitro, to that which kills in vivo, was 
1/2'5, which ii better than that of the best previous antiseptic, 
vuzin (wo-octylhydrocupreine), which had the value I /5. Against 
staphylococcus the quotient is even better, being 1/1. 

J. B. Cohen and C. H. Browning have also examined the chemo¬ 
therapy of acridine compoimds with special reference to pyogenic 
‘ infections.**’ The chemical fragments of the acridine itoreoule, 
such as pyridine and quinoline derivatives, jvere of \ow-grade 
antiseptic power, and in the acridine series substances with free 
amino-groups were the most efficient, the metbylation of the 
tertiary nitrogen atom 10, having no eSeCi. In the phenazine 
series, i.e., derivatives of CjH,: Nj: CeHi, tihe methochloride of, 
for example, 2.7-ddamino-3.6-dimeth3ilphenazine* and 2-amino- 
itaphthyl-7-amino-3-methylphenazine were as powerful antiseptics 
*** L. J. Henderson an*W. W. Palmer, J. Ohem. Soo., 19lS, i., 668. 

**• Amer, J. Med, Science, 1921, 161 , 261. ‘ 

**• D. Watson, Brit. Med. J.. 1919,1, 671. - 

**• Beta. Med. Wocbfch., 1921,47, 1317. * 

>»» Srii. Med. J.. 1921. 2. 695. 
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towards staphylococcus aufeus as the acridine series. The action* 
of similar members of the acridine series on protozoa has been 
investigated byE. Lenz“® and the bactericidal action of gold, 
silver, and cadmium ccjmpounds of flavine by M. Berlnj^r.*'* 

For an antiseptic to be effective* against typhoid carriSis, it 
should be excreted through the gall-bMder and not in the urine. 
A number of dyes were examined and found active in vitro against 
B. typhosus, but were not excreted through the gaU-bladdeR New 
Fast Green 3B, a tripLenyhnethane derivative, proved effective in 
rabbits, being excreted in the bile ; it may, however, be toxic."'’ 

Bayer 205. A new era in tr.ypanosoma therapy seems to have 
opened up with the introduction of this substance. Ehrlich and 
Shiga showed that Trypan Red, a dye produced by coupling a 
diazotised benzidinesulphonic acid with a disulphonic acid of 
fi-naphthylamine, had pronounced trypanocidal properties. Follow¬ 
ing up this discovery Mesnil and NicoUe examin^ the trypanocidal 
action of a number of dyes containing as an essential constituent 
an aminonaphtbalenesulphonic acid."” As a result it was recog¬ 
nised that the dyes which had the greatest trypanocidal power 
were derivatives of naphthalene containing sulphonic acid groups 
in fhe positions 3.6 and hydroxy, amino, aminohydroxy, dihydroxy, 
and diamino-groCpa in the positions 7 and 8. The most favourable 
substance was prepared by the Bayer firm by coupling diazotised 
p-diaminodiphenylurea with H-aoid (1.8-aminonaphthol-3.6-disul- 
phonic acid). A great advance was the discovery by the same firm 
that the tr^anocidal substance need not be a dye, and this firm 
has protected by patent a large number of ureas derived mainly 
from nuclei containing amino-sulphonic acids of naphthalene."” 
As an example t!, 'he type of substance produced uay be quoted 
the urea, formed by the action of carbonyl chloride on the correspon¬ 
ding amino-derivative of the substance produced by the introduction 
twice, of p-nitrobenzoyl chloride into H-acid :— • 

OH NH-rCO<^ ^NhI CO-rNH CO-lj NH OH , 

SO:JhI^«Y^IsO,P SO,hIy.,^JsO,P 

The variations that have been protected are many. H-acid 
may be replaced by q great variety of other amirp-di- and tri- 
Bulphonic acids with or without hydroxy, metJhoxy, chlorine, or 
Z. ges. Exp.Med., 18,133 : J- Chem. Soc., 192J, i., 756. 

"• Bert. KUn. WocM 1921, 68, 177 ; J., lOBl, 486 a. 

T. D. Beckwith, J. InJ. Dis., 1921,89, 496. 

Bert. Kim. Woch., 1904. * 

Pasteur, 1906, 30, 417, 619. 

"> G.P. 278,122, 284,938, 2J8,2»2, 288,273, 289,107. 289,163, 289,270, 
289,?71, 289,27^ 291,351 ; X, 1914, 826; 1916, 347f 889; 1916, 438, 664; 
1918, 20 a. 
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' bromine atoms. The acid chloride whicb is introduced once, twice, 
or more times into the amino-group, can a'so be varied and may be, 
for example, m- or p-nitrobenzoyl, m-nitiroanisoyl; m-nitrophenyl- 
sulphony^ p-nitrophenylacetyl, m-nitrocinnamoyl, and similar 
radicles of the naphthalene series. The CO group which links the 
two halves of the molecule may be replaced by CS forming thio¬ 
ureas. The formation of mixed types is also patented and also 
the re]placement of the aminonaphthalenpsulphonic group by 
derivatives of benaene or carbazolc, the therapeutic activity of the 
benzene derivatives being only manifested if twice substituted by 
the acid chloride. Finally the NH.CO group which links the 
nuclei together may be replaced by the urea group NH.CO.NH. 
The claim is made that all these substances in dilute solution cause 
the disappearance of spirochaetes from the blood of infected animals 
and have a powerful healing action on animals with trypanosomiasis. 

Bayer 205, the exact composition of which is at present a trade 
secret, appears to belong to the above group. It is a white powder, 
soluble in water even to 20% forming a neutral solution whieh can 
be sterilised and keeps well. Several observers in Germany have 
recorded its curative action*'* on mice, rats, rabbits, and guinea- 
pigs suffering from Trypanosoma; bmcei, equinmn, equiperdum, 
gambiense, and rhodesiense. Its chemotherapeutic' index is especi¬ 
ally favourable and the substance may be administered orally, 
subcutaneously, or intravenously. It does riot kill trypanosomes 
in vUro, but renders them incapable of multiplying when injected 
into animals. The serum of animals or of normal meju who have 
received the substance intravenously or orally remains active for 
many days and when injected can cure animals suffering from 
trypanosomiaAis. Animals which have been cured are immune 
from re-infection for some considerable time. Owing to lack of 
o{)portunitie8 it has, so far, only been tried on two human cases of 
sleeping sickness, with successful results in one case, the details of 
which have recently been published.*" A German expedition,' 
however, under the auspices of the British Colonial Office, is on 
its way to Rhodesia to test the treatment.*" In England the 
curqtive action on animals has been confirmed by C. M. 'Wenyon.*'’ 

*« L. Haendel and K. W. Joetten, Berl. Klin. Wochsch., 1920, 35. 821 ; 
M. Mayer and H. Zeiss, Arch. f. Schiff. Trap. Hygi, 1920, 24, 267 ; 1921, 25, 
149, 269. C/. also ibid., 29 ; H. Miessner and R.'Bergo, Bull. Inst. Fasteur, 
1921,19,380. 'W. Wither and W. Pfeiler, #«., 380. . 

» *" P. Muhlens and W. Menk, Miinch. Med. Woshsch., 1921,46,1488. 

»" Lonca, 1921, 2,1926. 

«' Bril. Med. J., 192^, 2, 747. 
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PH0T0«RA1‘I1I0 MATERIALS AND. 
1‘ROCESSES. 

By F. F. Renwick, A.€.G.I., F.I£!. 

The first steps towards the acliieremont of photography as a 
practical art were largely due to men of acknowledged scientific 
repute of British birth. The names of Josiah Wedgwood, Sir 
John Herschel, Sir Humphrey Davy, Henry Fox Talbot, and 
Robert Hunt readily occur to the mind as distinguished men of 
science who devoted considerable attention to the subject in the 
first half of last century. Herschel, Fox Talbot, and Hunt all 
added considerably to thfe list of known photochemical reactions, 
and to Fox Talbot belongs the distinction of working out more 
than one process to a successful issue and of introducing the method 
of producing positive prints from a negative and so en^abhng the 
production of any number of copies. It is highly fitting therefore 
that the Royal I’hotographic Society should recently have 
undertaken the guardianship of Fox Talbot’s apparatus and 
results and the setting up of a permanent memorial to him. 

Towards ^le end of last century, after the establishment of 
numerous firms for the wholesale manufacture of sensitive materials, 
very few men of .note in the scientific world devoted themselves 
to the,study of pW/.ochemical problems in spite of their profound 
importance and imerest, but the death, at the close of last year, of 
Sir Wm. de W. Abney removes from our midst one whose name will 
always be associated with his valuable contributions to photo* 
graphic science which traversed a very wide field both in the chemical 
and tho pjfysical aspects of the subject.' 

The present flourishing photographic industry owes its develop¬ 
ment almost entirely to the dogged energy and perseverance of a 
number of untrained enthusiasts whose names are mostly unknown 
to scientific men, and ij is probable that in the wholg world there 
were not a score of well-trained chemists employed in it thirty 
years ago. . ^ , 

The present outlook is very differents In the first place the. 
industry has absorbed and trained a considerable number of yormg 
men who h{i.d first received an education in scientific method and 
who have elaborated Hurter and Driffield’s invaluable system of 
examining and classifyihg photcMensitive materialsi so that to-day 

> Sir W. Abney, Phot. J,, 1921, 61 . H, 296. 
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quantitative modes of expression ate, or should be, regularly 
employed by all serious workdrs to describe their attributes. 

Secondly, the industry has become so huge and complex that it 
would ^e impossible to produce the required quantities and the 
varibty of these very delicately balanced products with reasonable 
unifoimity without an elaborate system of scientific control. (In 
illustration of thg magnitude of the industry the following figures 
are instructive. Approximate number of kinema theatres in 
existence 90,000,; estimated length of kinema film exhibited 
every week 300,000 miles, of which at least 10,000 miles represents 
entirely new matter, no allowance being made for the enormous 
amounts consumed which are never issued for exhibition. To 
this must be added aU the roll films and plates and the positive 
printing materials of- all kinds used in other photographic work, 
both professional and amateur.) 

Thirdly, as a consequence perhaps of the industrial difficulties 
which have arisen since the war, there is a keener appreciation of 
the overwhelming importance of light a4 the prime cause of those 
innumerable natural synthetic and analytic reactions on which 
all living matter depends for its growth and development, and as 
a result uje observe a great revival of interest in the mechanism of 
photochemical changes and a desire to direct and control them 
for the service of ma nkin d. It has become evident that efficient 
photochemical manufacturing processes would save the community 
the expenditure of much manual labour and postpone the depletion 
of our rapidly dwindling and irreplaceable supplies o^ coal and oil. 
Moreover, if such processes can be colour-sensitised effectively 
there seems less reason to assume they would require to be carried 
on in tropicAl climates to be economically successful. , 

Photography then, should be regarded as merely the first photo¬ 
chemical industry to be established, and as such it cannot fail to 
benefit from tfie researches in other branches of photochemistry, 
the study of catalytic reactions, and particularly from investigations 
of heterogeneous reactions in colloidal media which .appear in 
the future. « 

As evidence that British photographic chemists are aKve to the 
importance of widening their outlook, the appearance of a new 
journal published by the Scientific and Technical Group of the 
Royal Photographic Society under the title “Photographic 
Abstracts ” is a most welcome sign .and desenfes the support of 
all serious workers in the* subject. The enlightened policy of those 
firms who jointly bear the greater part of the cost of this 
publication is highly praiseworthy and cannot fail' to be re¬ 
warded through the greater zeal for an4 effioien6y in the per¬ 
formance; of ffieir -dutira which it will surely evo^e amongHheir 
teohnicail staSs. 
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Photography Efts undoubtedly regained much of its popularity 
IS a pastime, and the lure, of the kinema theatre seems irresistible 
to the majority; moreowj the employment of photomechanical 
processes for illustration work continues to grow steadily, while 
professional and scientific*photography continue rapidly to •multiply 
their already numerous ramifications, so that if a reasonably, early 
return to normal trading conditions should occur it is safe to predict 
a considerable permanent expansion of the indiwtry. Thew is a 
Ear wider and more intelligent appreciation of the advantages of 
colour-sensitive negative-making materials for all kinds of work 
than before the war, probably as a consequence of the large numbers 
of men who learned from experience on active service how indis¬ 
pensable such plates were to our success. There are indica¬ 
tions of a desire on the part of manufacturers to simplify their 
problems by producing only a few articles in large quantities, 
but it has long since been found impossible to produce even one 
product which suits all tastes, so many and so subtle are the 
requirements of different ji.sers. 

White the importance of photography in everyday life is but 
dimly realised by the general public, few even among the highly- 
educated classes reahse what an effect it has had on man’s intellec¬ 
tual life during the past two years. But for the fact that a few 
star images occupied certain positions on a few photographic 
plates exposed at the solar jelipse in 1919, it is certain that the 
majority of us would have taken no interest in theories of relativity. 
An attempt to verify these observations on Christmas Island in the 
Indian OceaS and elsewhere at the eclipse next September is 
already organised and will again rely on photographic records of 
apparent star posif 'nns, when doubtless there will fqjlow another 
flood df ideas on ,i.is abstruse subject. In delicate work of this 
character careful attention must be paid to various disturbing 
factors such as the mutual influence of adjacent images—a 
subject recently rc-studied by F. E. Ross.“ 

During the past year the photographic industry has suffered 
from the prevailing world-wide trade depression, though perhaps 
less acutely'than must. There was a marked fall in the prices of 
fine chemicals duriilg the summer months, but this advantage 
may be lost, presumably to the benefit of the fine chemicafe trade 
of this country, by the Operation of the Safeguarding bf Industries 
Act, 1921, which came into force on October 1st last, since every 
fine chemical and almojt aU the apparatus.used fh the industry fall , 
within its scope. 

At the date "of -writing, the depreciated falue of the German 
mark appaibntly outweighs any encouragement which the Act 
might have given to ourAie cjjemicals industry, whjje this measure 

* F. E. BiOBB*Aitrophys. J., 1921, 53, 349. 
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certainly makes the obtaining of rare synthetit ’ chemicals from 
abroad an extremely aggravatiwg procegs. 

Raw Materials. 

Atftong' the raw materials ef the photographic industry, the three 
which-call for the greatest care, judgment, and experience in their 
selection and use.are gelatin, paper, and collodion cotton. There 
are no •generally recognised methods of testing any of these products 
for photographic ,nurposes ciioept the obvious one of trying them 
on a small scale and noting the results before proceeding to large- 
scale use, and it must be admitted that at present there seems 
little prospect of devising really reliable chemical methods of 
testing them. 

It is satisfactory to be able to record that considerable progress 
has been made in this country and elsewhere during and since 
the war in the production of first-class gelatins suitable for all 
photographic purposes, and we arc now quite independent of 
Glermany in this matter. 

Regarding paper stock suitable for bearing sensitiv.e emulsions, 
some progress has also been made, but of a more limited character. 
Supplies of collodion cotton of British manufacture suitable for 
preparing print-out collodion emulsions are also more easily 
obtainable than in pre-war days. 

While a great deal of new work oe gelatin has been published 
during the past year, a proper appreciation of the bearing of 
modem research in this field on photographic problems is as yet 
impossible. It becomes daily clearer, however, that there are 
numerous facts, with which most photographic works chemists 
are familiar'lin practice, whose interpretation^is rendered easier 
by the aid of the newer theories dealing with coUoidal forms of 
matter, and it is to be hoped that the photographic industry will 
derive some benefit by the adoption of the methods of examining 
gelatin which are gradually being worked out.^ In many cases, 
however, these are little more than slight modifications, of old 
physical tests which have been long since found to be of no great 
assistance to the emulsion maker. 

What is urgently needed as a beginning is a satisfactory method 
of determiiung the relative proportions, and characteristics of 
the hydrolysed ,and unhydrolysed constituents of commercial 
gelatins. A ready means of separating therm, unchanged would 
^ enable their separate influences on emulsion-making processes to 
be properly studied,^ and the diverse photographic qualities of 

* S. E. Sheppard and S. S. Sweet, J. Ame.r. Chetn. See.,'•1921, 48 , 539, 
H. D. Dakin, J. Biol. Chem., 1920, 44 - 499 ; J,.C.S., 1921, 120 , i., 66. S. E. 
Sheppaid and 8. b. Sifeet, J. Ind. Eng. Chem. 1^21, 13, 423. 8. E. Sheppard 
and F. A. Elliott, J. Amer. Chem. Soc., 1921, 48 . 531. ‘ 
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difierent bran^ of gelatin *> be correlated with their chemical 
as well as their purely physici^l differences. Moeller’s recent' 
studies* of Procter’s discovery that the addition of a little acid 
precipitates dissolved gelatin from saturated solutions of common 
salt leaving the degradation products in solution, p-^pe$,rs to 
offer an opening for attacking this problem. 

Several new patents for flexible .supports of a non-inflammable 
character have been granted,® but from one calisc or another the 
proportion of positive film of the “ non-flam ” type shown in 
picture theatres is still quite small, bence it w^>uld seem that the 
ideal support is still to seek. 

Stoeacie of Sensitive Matbeials. 

One of the most intricate problems constantly confronting the 
manufacturer of light-sensitive materials is the preservation of 
their properties unimpaired up to the time of use—a period which 
may amount to several years, under the most varied climatic 
and other conditions hf storage. The problem presents two 
essentially different aspects; firstly, the exclusion, by the use 
of jnore or less impermeable wrappings, such as sealed tins, foils, 
waxed papers, etc., of moisture and injurious gases pr vapours, 
and secondly, the discovery of stabilising agents or of improved 
processes of manufacture which will arrest or minimise any tendency 
to spontaneous changes in the sensitive materials themselves. 
Naturally enough, discoveries falling within the second category 
are not usually published but become jealously guarded trade 
secrets, so that the chemistiy of stabilisers is an almost unexplored 
field of sciontifi(^enquiry. * 

A povel m@df- ■ 4 protecting a-photographic film against moisture 
has been patented by F. W. Lovejoy,® who applies to the surface 
a transparent layer of a fatty acid (palmitic or stearic) which Is 
saponified and dissolved by the alkali of the developer. B. Merck 
and L. ’IVeber’ claim the addition of certain salts, e.g., ammonium 
oxalate qy acid phosphate, to the sensitising ferric oxalate prepara¬ 
tion for improving the keeping quality of negative tracing (blue 
print) papers. A vfeport by the Eastman Kodak Company® deals 
with the fading of finished prints made by the same process and 
recommends that instead of plain water, a 0-2% pqtaasmm ferri- 
cyamde solution be used for development, dt condemns the 

* W. Moeller, itoUoid-Zeita.t 1921, 28, 281 : 29, 45. 

‘ F. Schaurich, Kunststoge, Nov., 1920, 207. S. H. Wood, U.S.P* 
1,364,'342: J., 1921, 164a. H. Dreyfus, U.S.P. 1,353,384-6. G. W. Mfles, 
E.P. 146,2121, 

« F. W. Lovejoy, U.S.P. 1,342,690; J., 1921, 184a. 

’ E. Merokwnd L. WSber, OiP. $31,745 ; J., 1921, 3S6a. 

• EastmanICodak Lab. Rep, Na, 1091 j Phot. djAl., 1921, No. 346. 
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,practice of adding hydrogen peroxiae to the development water 
as conducive to rapid fading. » 

Before proceeding to deal with the more usual chemical and 
photochemical side of photography two very ingenious inventions 
must be mentioned. 

The drst is Louis Lumiere’s method® of producing a composite 
photograph giving a very satisfying illusion of solidity (photo- 
stereosjnthesis). He prepares a number of positive transparencies 
on glass, each of Myliioh depicts sharply a slightly different plane of 
the object, other planes being thrown out of focus by special 
optical devices during the making of the original negatives. These 
transparencies must bo properly spaced in due order one behind 
another, in a framework lighted from the roar and viewed normally 
to secure the desired effect. 

The second is H. M. Edmunds’ invention enabling relief models 
in wood, ivory, etc., to be produced mechanically from a photo¬ 
graph (photosculpture).*" A spiral pattern is projected optically 
on to the sitter’s head and shoulders and appears on the photo¬ 
graph as a close series of contour lines. A special, machine is 
employed to translate the motion of a stylus along these contour 
lines into {ihe appropriate motion of a cutting tool on the block 
of material employed. The results shown in last year’s 
photographic exhibitions are certainly very interesting. 

Aviation has led to the development oi new and important 
applications of photography to surveying and map-making from 
aerial photographs. The progress already made in-this highly 
technical subject has been ably reviewed by L.-P. Clerc.** 


Kinematogbaphv . 

Kinematography has reached such enormous dimensions that 
it must now be regarded as a separate industry of a highly complex 
character, which uses huge quantities of sensitised negative and 
positive film as its chief raw materials, rather than as ,a branch 
of photography. Nevertheless, any further improvfements in 
these raw materials must depend on the chemists and emulsion 
makers i.ii the photographic industry and will naturally find many 
other fields oi application, but such progrsss is necessarily rather 
slow. The energibs of research workers in kinematography are 
mainly devoted to the solution of optical' and mechanical 
problems with which this report does not‘’profess to deal. 

*' L. Lumiere, Comptee rend., 1920, 171, 891; Brit. J. Phot., 1921, 68, 
110; BiiU. Soe. Franf. Phot., 1920, 7, 262. 

• w I,rP.Clero,i?k(rt.J., 1921,81, 38'l. ' 

“ H; M. Edmimds, Amat. Phot., 1921, 52, 189 j E.P. 170,686. 
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It is of intewjst, however,-to note that inventors appear to be 
chiefly engag^ on four problems :— 

1. The elimination of <the disadvantages arising from the inter¬ 

mittent projection and the discontinuous motion of the film through 
the projector. A larger number of devices permitting c^>ntinuou3 
motion of the train of pictures has been patented't. and some of 
them publicly exhibited, so that it may not be long before flicker, 
underlighting, film breakage, and other evils ►will be things of 
the past. 1 •' 

2. The discovery of a satisfactory method of imparting the 
appearance of stereoscopic relief to motion pictures.'® 

3. The perfection of a simple means of synchronising sound 
records and motion pictures—a feat which was shown to be possible 
in skilled hands with separate gramophone and kinema records 
at the Brussels International Congress of Photography in 1910. 

Recently, however, considerable success has attended efforts to 
combine both the picture and the sound record on one film. Varia¬ 
tions in opacity in the photographic sound record cause rapid 
fluctuations in the intensity of an electric current passing through 
some form of light-sensitive cell, and these operate suitable 
amplifying telephonic devices for reproducing the original sounds.'* 

4. The production of satisfactory motion pictures- in natural 
colours.'* 

In regard to this long-sought goal it appears fairly certain that 
for some time to come a two-colour system, in spite of its serious 
limitations, is more likely to be a commercial success than a three- 
colour method, since the latter inevitably offers far greater technical 
difficulties. Modem developments indicate that a practical 
solution is likelvf*o be found first either in a method by which each 
unit*picture on ti'e him is a composite record in colodr which can be 
used in existing projectors without alteration, or by one of the 
optical methods enabling the simultaneous making of the two 
records on adjacent areas of one film through a single lens and 

»‘.K, Higginson, E.P. 165,114 and 165,487 ; see also Phot. J., 1921, 61. > 
261. C. B, Claudy, Sclent. Amer., 1921, 124, 288, 297, 299. C. Zeiss, E.P. 
146,209. Petra A.<«., E.P. 164,873. W. C. Plank, U.S.P. 1,366,488. 
M. F. and L. D. Hill, U.S.P. 1,367,476. E. H. Lysle, U.S.P. 1,367,487-8. 
J. A. Perry, F.P. 612,298. 0. Messter, G.P. 331,650 and 332,273». C.'W. B. 
Canjpbell and F. G. A. Iloborts, E.P. 161,329. E. Meohan» F.P. 616,277. 

'* R. Gantes, F.P. 607,633. J. L. Peoh, ient. Amer. (Monthly), 1921, 
531; La Nature, 1921, 49 , 76., L. L. Buffier, E.P.„162,367. F. N. HaUet, 
U.S.P. 1,363,249. A. d"HaUoy, F.P. 614,076. ‘ S. Tiirk, G.P. 334,383. A. P,. ’ 
Boorman, E.P^ 166,687. 

'* L. A- Collins, U.S.P. 1,366,446; Times] Sept. 24 and 28, 1921; 
Nature, 1921, Qct. 27, p. 276. 

Natur^ Colour Sitfture^ Cc#5 (W. F. Fox), 143,180, E. C. S, 
Parker, E.P. g07,724. I. Furman, U,S.P. 1,371,969 ml 1,371,970. 
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projection through two adjacent coIo];(V' filters tii'combine on the 
screen. 

An interesting short discussion of the Various systems of colour 
kinematography theoretically possible, which contains some very 
decided 1 expressions of opinion concerning them, is to bo found 
in an article recently published by A. Gleichmar.*" He rules out 
as untiiorthy of consideration all two-colour systems and states 
clearly but briefly the demerits and inherent difficulties of each 
of the‘fnetlxxls available to experiment. An article by C. K. K. 
Mecs in Tlie Ptolo Mhd(Mure for July, 1921, also contains 
interesting expressions of opinion on the subject. 

The only process of colour kinematography to come on the 
British market during the year is the American one ‘‘ Prisma,’' 
made under W. V. D. Kelley’s patents.*’ It is a two-colour process 
in which the picture is composed of jnxtajiosod microscopic areas 
of orango-red and blue-green, made by dye-toning on either side 
of a double-coated film. A .short film based on a three-colour 
subtractive process by S. M. de Procoudine-Gorsky”* was exhibited 
privately in London last spring. 

In connexion with processes of staining up the positive colour 
records, considerable attention is being devoted to the dyc-adsorp- 
tive properties of the .silver halides and metallic fcrrocyanides,*’ 
while a novel property of the develoj)ed silver image forms the 
basis of a patent by J. H. Christensen,®'* who finds that in the 
presence of suitable reducing agents (e.^., amidol or hydrosulphites) 
certain dyes are readily reduced to their leuco bases where the 
silver image occurs. An interesting reaction of a similar kind is 
described by J. I. <3rabtree®* who finds that even an ordinary 
acid ■* h 3 ipo ’’ fixing bath can function as the reducing agent. 

*• 

Colour Photography. 

In a chapter, of J. Plotnikow's recently published book on 
“ Photochemistry ’ appears the only important new suggestion of 
a possible method of recording colour photographically. He points 

“ A. Gleichmar, Phot. Ind., 1921, 894. 

” W. V. D. KeUey, B.P. 129,638 ; Brit. J. Phot.',^ 1920, 67, Col. Suppl., 
47 ; 1921, 68, Col. Suppl, 18. 

S.fciH. de Proooudine Goisky, E.P. 136,171 and 168,100. See also 
Brit. J. Phot., 1921, Col. Suppl, 38. * i 

>• A. Traube, E."?. 147,005 and 147,103 ; J., 1921, 325a, 413a. F. E. 
Ives, Brit. J. Phot., 1821, 68, Col. Suppl, 3,; J., 1921, 99a ; Brit. J. Phot., 
<1921, 68, 186; J., 1921, 325ii. L. Lobel, BuU. Sdk. Front. Pfu>t., 1921, 8, 
78. W. V. D. KeUey, E.f. 160,137. J. I. Crabtree, O.S.P. 1,389,742; J., 
1921, .791a. S. M. de Proooudine Gorsky, E.P. 168,100. „ 

- J. H. Christensen, E.P. 133,034 ; J., 1921, 164a. 

.« J. I. Crabtree, Brit. J. Phot., 19?1, 68, 32*; a., 1921, I29 a. 

** J, Plotnikow, “ AUgemeine Photochemie,’’ See edso Phot. Ind., I9I1, 8, 
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out that if dye^acould which were “fast” to the acid con- 

stituentg of the atntnsphcre and to light except in the presence of sf 
colourless catalytic agent, in the presence of which they change, 
on exposure, to stable colourless products, removal of the catalyst 
after printing would yield a ])ermanent coloured image^ No such 
combinations of dye and catalyst arb, however, known at present. 

Apart from this suggestion no new prineijile appears *10 have 
been evolved, and most of the published papers and patents arc 
concerned either witN means of overcoming wcU-known mSchanical 
difficulties or refer to special toning*or dyeing operations in which 
one or other of the known properties of selectively hardened gelatin, 
or of the silver image or an insoluble salt formed from it, is employed 
as medium for the colour.*^ 

There can now bo little doubt that no process involving the 
use of more than one plate for negative making is likely to attract 
the general public. This part of the problem may be said to have 
been solved by such screen-plate processes as the Autochrome 
and Paget colour processes. They remain, however, comparatively 
litile used, largely owing to the absence of a simple method of 
reproducing them in the form of coloured juints on paper. Here 
again it is probably safe to hazard the opinion that any system 
involving the ipaking of a colour analysis of the ordinal and a 
separate printing on paper from each of the three negatives so 
obtained would never achieve popularity. Hence all methods 
based on the superposition*of dyed reliefs or on the transfer of dyes 
to pai)or to form the print by imbibition from three separate stained- 
up copies must give way to any successful method of producing 
the coloured paper print from a single printing plate. An interesting 
historical surve/ including some of the former processes is contained 
in two reeefit .1 doles by E. J. Wall,while in coni*xion with the 
possibility of successfully reproducing screen-plate tran^arencies 
on paper from a single printing plate the patent of 0. rielitz*’'is 
worthy of attention. 

• . CoiAUiR Sensitisbrs and Desensitisers. 

While the photographic industry shares with most others the ^ 
need, for tinctorial purposes, of a range of dyes which are fast to 
light and various chemical reagents, and which are adaorbed by 
certain materials and* not by others, it is peculiar in requiring 
dyes having the jjower tc modify the normal ^ue-violet sensitive¬ 
ness of the silver halkles bf conferring upon them a high degree of, 

sensitiveness to other regions of the spectrum. Some are requireS 
• • 

G©s. •£. angew. Phot. G.P. 328,618; «/.» 1921, 196a. B. 

liincke and R. Kaufhold, G.P. 336,041; and see also ref. 19. 

,»* E. J. Wall, Brit. .Pt PhoUf 19^1, 68, Col. Suppl, 3(1 34. 

» 0, Fielitls. F.P. 616,067. 

, 2 M 2 
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to sensitise over a quite limited ?aj^e of wa^-lengths, others 
■■ for as large a range as possible, and aU are desired to operate 
without depressing the white-light sensitiveness'of the emulsion or 
inducing chemical fog or other defect. The discovery and'study 
of seijsitising dyes is an almost limitless aaid singularly attractive 
field of investigation which in'recent years has received considerable 
attention in this country, in Prance, and the United States., instead 
of being left almost entirely to German chemists, as had been the 
case fof some years before the war. 

Two new methtjds of preparing plates highly sensitive in the 
ultra-violet have been described by J. Duclaux and P. Jeantet.** 
In one case the surface of an ordinary gelatinobromide plate is 
coated, before exposure, with a thin film of an oil or other liquid 
which does not penetrate the gelatin but which fluoresces strongly 
in ultra-violet light. - After exposure this liquid is washed off in 
a suitable solvent before development is proceeded with. 

According to the second method, an ordinary dry plate is treated 
in a horizontal position with sulphuric aicid of sufficient strength 
to dissolve the gelatin. The silver salts settle on to the glass and 
are washed free from gelatin and acid in a sluggish streain of water, 
dried, and finally protected by a thin coating of collodion be^ore 
exposure. -Such plates are stated to be highly sensitive to ultra¬ 
violet radiation oven beyond 1900 A.U. 

It is apt to be overlooked that even the fastest modern dry 
plates do not fully utilise the normal sehsitiveness of silver bromide 
because of the high opacity of gelatin and of our glass lenses to 
short-wave ultra-violet light. With such plates as those described 
above it would be very interesting to investigate the possibilities 
of utilising as sensitisers colourless substances having absorption 
bands in the ultra-violet region. ' c 

.Even-the most satisfactory colour sensitisers known are far 
from enabling us to utilise the incident light energy in other regions 
of the spectrum so efficiently as the undyed plate utilises the 
blue-violet. As a matter of practical experience it has been found 
extremely difficult to increase the total sensitiveness to bright 
daylight of a rapid dry plate by colour-sensitising it, 'the added 
sensitiveness to longer wave-lengths being always accompanied 
by a falldin blue-sensitiveness. That this result is not due to any 
direct antagonism between lights of different^oolours when operating 
simultaneously is hegatived, not only by giving equal exposures 
in a spectrograph to plates of the saree batch, both undyed and 
?lyed, and comparing the effects in the blue,*but by a recent com¬ 
munication of F. C. Toy,” who finds the effects of differentiy- 
coloured lights acting together to be simply additive. 'At present 

*• J.-Dudauxond P. Jeantet, J. de Ph^-sique,'i92\, 2, 166. , 

S’. F. c; Toy, Pm'Bvy. Soe., 1921, a 100, 109. 
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it remains obsclfi'e wliy we»afe unable enormously to increase the 
sensitiveness to wjiitc light of fa^ emulsions by colour-sensitising* 
them. With very slow, 'fine-grained emulsions it is quite easy to 
accomplish this, as most practical emulsion makers have long 
known, but the point* has been emphasised very usefollx, and 
amply illustrated, in papers by Liippo-Cramer'’* duting the past 
year. * • 

For .some time two or three dyes have been Icnown (Pinachrome 
Violet, Sensitol Violel^ which operate without reducing, if they do 
not enhance, the total sensitiveness of rapid plStes to white hght, 
but they are very prone t<» cause fog and are otherwise difficult 
to hantUc. During the year a new and powerful green-scnsitiser, 
said to be a basic dye of an entirely new class, has heen put on the 
market by the firm of Meister, Lucius, u. Briining under the name 
Pinaflavol. It confers sensitiveness throughout the green extending 
to the D (sodium) linos and show's no depression of sensitiveness 
in the blue-green as do dyes of the Eosin class. Like those already 
mentioned, it has the unusual property of enhancing rather than 
diminishing the total sensitiveness of the plate, but unfortunately 
it also readily gives rise to chemical fog and shortens the useful 
. life’of plates treated with it.®“ Another dye of the same type has 
been examined- and reported on by Luppo-Cramer* under the 
designation P2 showing these qualities in a still greater degree. 
Incidentally he makes several interesting observations on the 
different effects of chemical and physical development in such 
cases, no chemical fog being obtain^ by the latter method of 
developmeift, and a greater relative increase of sensitiveness being 
foimd. Other papers by the same author’" dealing with the colour- 
sensitising qf -r iodide contain a number of^ curious and 
interSsting obsen ations. 

Patents have been granted to E. Q. Adams and H. B. Haller 
for sensitismg dyes of the dicyanino class produced by the action 
of alcoholic solutions of strong bases upon the alkyl iodides of 
lepidine.“ Miss F. M. Hamer has prepared and systematically, 
stpdied a Jprgo group of isocyanine dyestuffs containing the amino, 
acetylamino, or cinnamoylamino groups in all practicable positions 
in the molecule and has drawn conclusions concerning the infl|fience 
of these groups and their positions in the molecule on ^nsitising 
properties."* 

** Luppo-Cramer, Die PhotT, 1921, Nob. ttand J., 1921, 750a. Phot.^ , 
Ind., 1921, 417. Der Phot, 1921, 81, 242. 

LOppo-C/hmer, Der Phot, 1921, 81, 281. • 

"" Lappft-Cramer, Phot Ind., 1921, 611, 669; Die Phot, 1921, Nos. 6 
and 8; J., 1921* 750a. . . 

** E. Q. Adtraa and H. L. BfaUer, U.S.P. 1,374,8^1-2^ J., 1921, 413a. 

” F. M. Hamer, C'Aem. Soc. Prmu., 1921, 119 , 1432; J., 1921, 791a. 
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In a paper by W. Kbnig and O.^'EVeichel^ dSaling with the 
constitution of the cyanines and tisocyanincs the^autiiors abandon 
Konig’s earlier view that in preparing.'these dyes one of the 
quinoline rings has suffered fission of the pyridine ring, the reason 
being .thsSt. compounds of this type, wheli prepared, failed to 
show the ehal'aeteristies of the isoeyaniiies. The paper contains, 
besides," descriptions of a scries of condensation products of 
dimethylaminobenzSildehyde and dimethylamincKunnainaldehyde 
with a Jlnd 7 methyl eycloaminonium salts; which it would be 
interestmg to exaTCinc for sensitising properties in view of Mills 
and Evans’ negative result with o-aminocinnamylidencquinaldine 
(see Ann. Hepts., 6 , llti). 

Confirmation of the writer’s observation of red sensitiveness 
conferred by the action of soluble iodides upon silver bromide 
emulsions is forthcombig in a paper by 11. B. Archey’* and in 
one which will shortly appear in the Photographic Jounml by 
S. E. Sheppard, who, however, finds the effect not to be common 
to aU emulsions. . 

A very considerable amount of attention has been devoted to 
the study ( f desensitising materials which have now found a useful 
field of application in practical photography. Prior to Luppo- 
Cramcr's discovery of the utility of the safranine dyes as desensi- 
tisers which do not impair the latent image, this class of substances 
was regarded simply as an unmitigated, nuisance to the manufac¬ 
turers and users of photosensitive materials since they are of fairly 
widespread occurrence and readily give rise to insensitive spots 
and markings on their products. Lumiere and Seyewetz have 
studied a large range of dyes and other materials for desensitising 
properties and^find Aurantia (ammonium salt) sufficiently powerful 
for desensitising Autochrome plates and preferable to phenosafranine 
omthe grtiund of the greater ease of removing the dye afterwards. 
Luppo-CVamer“* has actively pursued the subject and concludes 
that desensitisers act as mild oxidising agents in preventing the 
(formation of a latent image. As might have been expected, in 
view of the known depressant action of many colour-sgnsitisers, 
•it has been found that phenosafranine and some'other desensitisers 
aian eijert a colour-sensitising influence.’’ 

<•»* 

W. Konig^and p. Treiohel, J. prakt. Chem., 1921, 108, 63 ; J.C.S. 
Abst., 1921,120, 738. , 

. R. B. Arehey, PHot. J., \921, 61, 235 ; V., 192i, 413a. 

* ” A. and L. Lumiein and A. Soyewelz, Brit. J. Phot., 1921, 68 , 351 ; 
J., 1921, 529a. Brit. J. IVmt., 1921, 68, Vol. Buppl., 29; tad Bull. Soc. 
Franc. Phot., 1921, 8, 216 ; J., 1921, 718a. 

Luppo-Cramer, Phot. Ind., 1921, J69, 312,.669 ; J., 1021, 326a. Die 
Phot, 1921, No. 3, bi No. 4, 18. Phot RuM., 19^l, 37 ; J.f 1921, 324a. 

” Luppo-Cramer, Phit Ini., 1921, 417. * 
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Photo(}!9aphio BlyiilopBKs AND Development. 

There'have *b(‘aii no ijnportant additions to the akeady large 
assortment of available developing agents during the year. Patents 
have been granted to K. JColshom for derivatives of p-aminophenol 
and its 0-alkyl others, to A. S. McDaniel and A. H. Niet^““ for the 
use of diaminoy)hcnolsulphonic acid in alkaline solution,,and to 
J. Hauff u. Co.’" foi' (>- and p-amino and diaminophenol and cre.sol- 
■sulphonic acids in alkaline solution. , 

W. Krmon” has made some interesting comparisons of the 
relative rates of exhaustion of a number of cfevclopers in equal 
concentrations, the re.sults showing clearly that the price per ounce 
Ls a very imperfect criterion of the real cost of a developing agent 
when it is used economically and in quantity. In a series of articles 
B. T. J. Glover “ discusses the application of the. Watkins factorial 
lUctluKl of 1h<^ development of j)lab‘S anef ])a]X!rs ; one of the 
most important iioints emphasiscal is that for bromide papers 
there is a certain range of correct exposures within which 
identical •prints are obtainable by compensatory alterations in 
the length of development. 

The important question of preserving developing solutions from 
atmo.spheric oxidation continues to receive attention, the most 
interesting contributions being M. J. Desalme’s itlethod” of 
pres(Tving amidol by mean.s of a complex stannous tartrate solution, 
and L. .f. Bunel's method Ijy means of lactic acid,” which are both 
fairly effective. UnfortunaUly they do not obviate the indehble 
black stain, which amidol imparts to the fingernails on prolonged 
working with this developer. 

To Liippo-Ck^mer'' are due some further interesting observations 
on the incroas' u rapidity of action of quinol (Jjydj oquinone) 
developers in the presence of trace# of phenosafranine. He recom¬ 
mends this mixture as a cheap developer of the rapid Class ajid 
ascribes the previously observed similar effect of.merc dilution in 
the case of amidol and several other developing agents to the 
liberation of the free base by hydrolysis and its adsorption by the, 
silver halkle. 

E. Kolahom, B.E. 145,614, 155,576, 1.55,576 ; J., 1921, 369a. 

>» A. S. McDaniel and A. H. Nietz, U.S.P. 1,370,896; J., 1921, »26a. 

•» J. Hauff u. Co.,.CLP. 327,111, 328,617, and 333,687 ; J.,'ft21, 371 a, 
6031. . • 

' « W. Ermen,^ri(. J. Pint., 1921, 68, 64; J., 1921, 163a. 

“ B. T. J. Glover, ^ri(. JfPhot., 1921, 5p3, SlOt 
« M. J. Deealme, Rev. Prang. Phot., 1921, 2, 128, 130; J., 1921, 529if. ' 
** L. J. Bftnel, BvlL 6'oc. FranQ. Phot., 1924 , 8, 290. L. Lobel, ibid., 
8, 291. 

Lilppo*Craiiter> Der^Pkot, 1^21, 65; J., 1921, 280a. KoUoid-ZeUs., 
1924, 28, 1T4? J., 192f, 324rf. Phot. Korr., 1921, 58 , 121. Phot. Ini., 
1921,912. * 
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The subject of chemical fog, its i’el»iion to selh'sitiveness, and 
"the causes which give rise to it, is one^of veijy ^eat practical 
importance and theoretical interest. Nb reseaiches specifically 
devoted to this subject have appeared, but incidentally a number 
of nevf cfeoumstances in which it arises Ifeve been observed by 
Luppo-Cramel’.*® The frequently expressed opinion that chemical 
fog js due to partial or to excessive chemical reduction of the 
silver halide by reducing products, formed during the hydrolysis 
of gelatiii which occurs during ripening, maj be, and probably is, 
one possible cause but certainly does not cover more than a small 
proportion of aU cases. For instance, the large granules or small 
clots of a badly-mado (granular) emulsion are always rapidlj' 
reduced in development, even in a slow almost unrijicned emulsion, 
while the writer has experience of a bromochloride emulsion (boiling 
method) which was pione to black fog when ripened by standing 
for 5 minutes in boiling water, but which gave no fog if the boiling 
treatment was increased to 8 or 9 minutes. There seems to be 
much to support the idea that electrically neutral particle?! of silver 
halide are instantly reducible by a photographic developer whether 
embedded in a colloid vehicle or not. There are so many known 
ways of inducing chemical fog that it is now highly desirable‘to 
submit them, to a thorough study in the hope that their ultimate 
causes may be reduced to a few and based on fundamental principles. 

c 

Photomechanical Processes. 

In this direction no striking new development appesfrs to have 
taken place apart from the “ Photosculpture ’’ process due to 
H. M. Edmunds already referred to, which, properly speaking, 
falls under thfis heading. '. ' 

The year has been chiefly notable for the many attempts that 
have been made by lithographic firms to apply the three-colour 
process to lithography. The chief difficulty encountered has been 
the necessary retouching, which cannot be so readily carried out on 
lithographic zinc plates as it can on half-tone blocks. One'method 
.of overcoming this difficulty has been provisionally pro^ected by 
A. E. Bawtree. It consists of applying to each patch of colour 
in the ‘original a piece of suitably-coloured cellophane ; this alters 
the colours of the original by an amount which corrects the change 
in reproduction, so that the colours as reproduced should be correct. 

The old idea of inrpressing a grain, regular or* irregular, upon 
a‘collotype plate instead of using the natural reticulation of the 
film, has been revived by> A. K. Trist, who is using forHhis purpose 
a regular screen with fine fines. So far as this work hafe gone, it 

indicates that there is a possibility of obtaiumg collotype plates 

♦ * * “ 

Luppo-Cramer, Z)4e PAo(,, 1921, No. 3, 1. 
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that axe easily 'inked, ari(> will give longer runs in the printing, 
machines. 

A fecent paper by H. 'M. Cartwright" on the rendering of tone 
values by rotary photogravure is a welcome indication that modem 
methods of dealing with tone reproduction problems are bdftg applied , 
to photomechanical processes. Such studies will surely,lead to 
improvements in technique based on accurate knowledge in a ^eld 
where, hitherto, empiricism has reigned supreme. 

RadiooeaJhy. 

The formation^* of The Society of Radiographers, designed to 
include all quahfied non-medical assistants who are engaged in the 
practical application of X-rays under the direction of Medical 
Officers, is a noteworthy step. It is to be expected that one useful 
result of this new departure will be an sdl-round improvement 
in the conditions under which such assistants have to work and a 
higher percentage of first-class skiagrams. 

In some X-ray dopartyients, even in quite important institutions, 
there has been only a very scanty appreciation of the importance 
of a thorough acquaintance with photographic technique, and the 
advantages of wed-equipped darkrooms. 

An interesting novelty in X-ray-sensitive materials due to 
L. A. Levy, A. L. Landau, and T.T. Baker has been put on the 
market. It consists of a silver gclatino-bromide plate having a 
hardened emulsion, film upAi which is coated another and a readUy- 
soluble gelatin layer carry-ing fluorescent calcium tungstate. After 
exposure, Stated to range from one-fifth to one thirty-fifth of 
that required for ordinary X-ray plates according to the hardness 
of the radiatW --mployed, the upper film is washed aw'ay in hot 
water and the hover film of hardened emulsion is developed. Any 
such method, involving the coating and subsequent removal o^a 
fluorescent layer in intimate contact with the sensitive emulsion, 
necessarily has drawbacks and it is to be hoped that some water- 
soluble highly-fluorescent substance which can be incorporated 
harmlessly with the emulsion will ultimately be found, though a' 
latge amdhnt of investigation has, so far, failed to disclose one 
which is both highly active and not injurious either to the sensitive¬ 
ness or the stability of the silver halides. 

H has been found unsafe to produce X-ray motion pictures by 
photographing a fluorescent screen image with the aid of a kinema 
camera, the raOiation neaessary bein^so intense as to endanger 
the patient. 

" H. M. CJrtwrigJit, Plwt. J., 1921, 61, 428.* 

•« J. Rhnl. Soc., 1921,17, 22. ' 

*• L. A. Levy and h. Landan, E.P. 183,903. L. Levy, D. W. West, 
T. T! Baker, Soe., 1921, l7,55, 104 ; Phot. J, 19S1,61,168. 

Eastman Kodak Res. Lab, Report No, 1130. 
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A valuable contribution to the techliique of rMiography is a 
paper by R. B. Wilscy“ on the»intensitj» of sc;(ttefed X-rays in 
radiography, in which he shows what a small proportion of the ^otal 
radiation reaching the plate consists of useful imiige-forming rays 
, when .thielv subjects are being radiographetl or large diaphragms 
used. , 

The same investigator “ has employed homogeneous X-rays to 
determine the struclure of the crystal lattice in precipitated floccu- 
lent silver chloride, bromide,, and iodide, ahd shows that these 
apparently amorpirous preeijutates are definitely crystalline in 
their ultimate structure and belong to the cubic system. He 
proposes to proceed to the examination of the ciystaUinc grains 
of photographic emulsions by similar meth(Kls. The results will be 
awaited with great interest since such studies will probably throw 
light on the question '6f the distribution of the iodine atoms in 
the crystals of a silver iodobromide emulsion. There has been a 
strong inclination to assume, without any sort of proof, that such 
crystals are homogeneous solid solutions of the two halides, but 
some observations of the writer's on the coprecipitation of these 
salts seem to make this supposition doubtful (sec later). 

< 

t PhOTOORAPHIC EMnLS10N.S. 

Experimental work on emulsion making is but rarely published. 
The past year is exceptional in that a few«such papers have appeared 
giving the conclusions which have been drawn from the results, 
but in each case important experimental details are, purposely 
omitted. P. Knoche‘“ has unsuccessfully sought to gain some 
advantage by delaying the formation of the silver halide by substi¬ 
tuting brominated organic compounds for the usual alkali bromjdes. 
C. A. Schleussner and H. Beck'** publish the results of an attempt 
toNjlucidate the effect of varying the proportioii of iodide in silver 
iodobromide emulsions. They find an optimum steepness of 
gradation and sensitiveness for a certain iodide percentage (which, 
however, changes with the- conditions under which the jmulsion 
is mixed) and a maximum X-ray sensitiveness in pure bromide 
' emulsions; other points are also discussed. 'Their division of 
such tmulsions into three classes is useful, but the assumption 
that emulSons formed by the addition of gilver solutions to the 
mixed halides leadr to the formation of a double compoun(f of 
AgBr and Agl duripg the emulsification, and that this method 
•therefore guarantees uniformity of compositiou of the precipitated 
grains, is in the writer’s^opinion not justifiable. It is,easy to show 

• “ R. B. Wiisey, Amtr. J. Roent.^ 1921, 8, 328. 

” B,,B. Wilsey, Phil. Mag., 1921, 262. * 

“ P. Knoche, That^Rund., 1921, 57, 49.* 

64 f! A ajuj jj. Beck, Z. vma. Phot., 1921, 105. 
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that (in the pieiieiiei^ oi ammonia) tlu! silver iodide (or a more, 
insoluble iodide-ljyomidc!*^ comple») is always precipitated before 
the bplk of the bromide, and there is apparently no reason therefore 
why the iodide shohld bo uniformly distributed in any crystal or 
why different grains should not vary considerably in the j^opc^ions 
of silver bromide to iodide composing them in the early stages of 
ripening and v(Ty possibly even in the finished e iiulsion. • 

W. T. Wilkinsonhas recently advocatfid the use of ajnixture 
of bromide and ehlorldci instead of the usual iodising solution in 
the wet collodion process, which still occupies* a strong position 
in lino and half-tone wojk. 

There have been several importanl ])apers and discussions 
concerning the 7'elation between sensitiveness and giain size of 
silv(!i' halide emulsions. Mees''* has abandoTied his eaiiier assmnp- 
tion of a direct connexion between grain Size and sensitiveness, 
a conclusion .shown to be inevitable by the work of Svedberg 
(mentioned in last year's leport, since published in English” with 
interesting extensions t» the action of a- and ;8-particles) and 
confirmed in some emulsion-making (!X})eriments by tlu' writer'’* 
and by A. 1*. H. Tiivelli and S. E. Sheppard.'* Svedberg’s 
woflv has been recently extended by E. C. Toy,*" who 
showed that even grains of identical area, shape, aiftl thickness 
may vary greatly in sensitivity. J. Brooksbanlr*' has shown 
that in the rate and ^legree of visible darkening of the 
grains in light there is a similar want of relation to size and 
shape. We arc therefore compelled to assume differences in the 
molecular construction and/or the chemical composition of the 
crystals to be tlm prime factors determining the sensitivity of the 
individual gciun?.,’hough it must still be admitted ^hat to attain 
a givljn sensitive! less it seems from practical experience necessary 
that a certain minimum average size of grain should be *ceede,d. 

Practically nothing is known at present except in a purely 
empirical fashion about the effects of the conditions of precipitation 
on the grain size of silver halide emulsions. A few experiments 
bearing di^the subject arc to be found in Trivclli and Sheppard’s 
monograph already*mentioned, but inasmuch as the ro.sults have a 
considerable commercial value it is unlikely that any di^ailed 
studies will be published by those engaged in the indus\i*y. 

, • • 

Royal Photographic Society Meeting, No". 8, 1921. 

** C. E. K. Meae, J. Franklin Inst., 1921, 191, 631. 

” T. Svedberg and H. Andereson, P/wl. J.f 1921, 8l, 325 ; J., 1921, 638a, 

** P. F. Renwiok, Phot. J., 1921, 81, 333 ; J., 1921, 638a. 

*• Monograph, “ IJhe'Silver Bromide Grain of Photographic Emulaiona,' 
by A. P. H. trivelli and S. E. Sheppard, p. 104. E. Sheppard and A. P. H. 
TriveUi, Phot, j’ 1921, 61„ 400. • 

•» F. C. Toy, Phot. J., 1921,*61, 417. 

•’ J. Brooksbank, Phot. J., 1921, 61, 421. 
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Recent papers by von Weimam, S. Octbn, and otliers,*“ are, how¬ 
ever, sufficient to show the extreme difficulty such researches 
even in such relatively simple oases as barkim sulphate precipitp.tes. 
Svedberg’s recently published little book on “ The Formation of 
Colloid's ’’“contains a brief account of some'of their results and a 
valuable bibliography. The fullest development of the art of 
emulsion making is likely to depend on the results of such studies, 
and theigfore menVf the highest scientific qualifications will un¬ 
doubtedly be required in the industry in cbnsiderable numbers, 
and will need very^ well-equipped laboratories. 

An interesting mathematical study by L. Silberstein'® demon¬ 
strates how, as a consequence of the drying of the gelatin film, 
the great majority of the silver bromide grains in a dry plate lie 
approximately parallel to the surface. 

Reactions of Photographic Images. 

A. Steigmann** during the past two years has investigated the 
appheability of the hydrosulphites to various photographic purposes 
(developing, silver recovery, etc.) but finds them of no great value 
in most cases, though convenient for recovering the silver from 
old fixing baths and incidentally regenerating them. 

The process of photographic reduction by means of persulphates 
has received a large amount of attention., Lumiere and Seyewetz** 
reaffirm their view that the selective action of these nsagents on the 
denser parts of the developed image is due to the tendency to 
reversal of the initial solvent action when the silver sulphate 
first formed is in presence of excess of persulphate, photographic 
reduction (silver removal) being thereby confined to the deeper 
layers of the film. They do not accept Sheppard’s view chat 
the. irreghlarities met with are attributable to variations in iron 
content and state, that for regular action a definite free acid content 
of i-i% is alone necessary unless chlorides, which are particularly 
-potent in modifying the action, are present. A valuable historical 
summary of previous work on persulphate reduction has been 
-published by G. I. Higson, with a very full bibhegraphy." Lastly, 
a valuable series of new experiments on the subject and a detailed 

“ S. Odte, Arhiv for Kemi, 1920, 7, No. 26, l-®3. For other papers on 
size of particles see 8. Od6n, Proc. Soy. Soc. Edin., 1916-16, 86, 220 ; A'uB. 
Qeol. Inst,, Vpaala, 16, 16,126; and other papers. Also H.Xlreen, J, EremkUn 
dnal., 1921, 102, 637. • 

•» L. SUberstein, J. Opt. Soc. Amer., 1921, 6, 171, 363; J., 1921, 340a, 
791a. ■ ‘ 

. ’ t* A. Steigmann,,Ko«oiaf-ZeiJs., 1920, 27, 249 ; 28, 29, 176; J., 1921, 

164A, 326a. Phot. Ini., 1921, 379. 

•• A; and L. Lifiniere and A. Seyewetz, Brit. J. Phot., 1021, 68, 124.* 

, G. L Higson, Phot. J., 1921, 61, 237. 
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discussion 'of "OSeir probSijl^ explanation which has just appeared 
in a pj,per Ijy S. E. Sheppard,'^ confirms Lumiere and Seyewetf 
observations on^he importance of the acidity of the solution, and 
sets’the whole matter in a somewhat clearer light. 

A useful paper by D. A. Jones and C. E. Fawkes"* d<!h.ls,quanti-_ 
tatively with the effects of ten different photographic rSucing 
agents upon developed images on paper. ’’ 

The high degree of permanence attaching to sulpljjde-toned 
silver images and thesbeauty of som^ of the brown tones so obtained 
has attracted several workers to the study*of sulphide toning 
processes and, as a natural extension, to the working out of methods 
of toning with selenium and tellurium. 

Lumiwe"’ claims the use of thiophosphates as sulphiding agents, 
having the merit of being odourless. The theory of sulphide 
toning in the hypo-alum bath is partly cRlcidated in a paper by 
H. Freundlich and A. Nathansohn,’" and in a recent paper before 
the Roj'al Photographic Society by S. 0. Bawling,” not yet pub¬ 
lished, the former showing that colloidal sulphur is able to combine 
directly with colloidal silver, and the latter that at a moderately 
elevated temperature the same reaction can take place with the 
siftrer of a developed print. 

A detailed study of the effects of varying the ’compositions 
of the bleaching and sulphiding baths ^.nd other details of 
manipulation has been published by E. B. Bullock.” 

Namias”' has published several new formulae for toning with 
selenium and a number of patents for selenium and tellurium toning 
baths havl been taken out by German firms.” H. Franke” has 
patented a process of intensification by means of selenium. 

A new' piintiiig process has been patented by,^ the Badisohe 
Anilin u. Soda Fabrik.” When benzidine or other diamine com¬ 
pound is precipitated with an acid dye (e.g., Eosin, Cydnanthwl, 
Neptune Green, or Quinoline Yellow S) an insoluble compound is 
formed which in the presence of manganese nitrate or other suitable 

S*E. Sheppard, Phot. X, 1921, 61, 450. 

• L. Jones and C. B. Fawkes, J. Franklin Inst.^ 1921, 191, 603 

J., 1921, 370a. ,* 

• A, Lumidre, P.P. 507,332. • 

H. Freimdlich and A. Nathansohn, KoUaid-Zeits,^ 1921, 28 * 16. 

• S. O. Bawling, Rojal Photographic Society Meeting? Nov. 8, 1921. 

• ” E. B. BuUook, SrU. J. Phot, 1921, 447 ; J., 19*21, 639a. 

R. Namias,*/! Ptog. Fok, 1921, 28, 14^ • ^ 

’* Chem. Fabr. auf Aktioii (vorm. E. Schering), 6.P. 335,627 ; J., 192t, 
562a. Kralt upd Steudel, G.P. 334,172 and 331820; J., 1921, 413a, 639a. 
Mimosa A.-G., G.P. 387,869; J.. 1921, 639a. IB.P. 169,378. 

H. Franke, G.P. 333^094 j J., 1921, 871a. 

Badisohe Anilin -ft. Soda Fabrik, G.P. 337,171; J., 1921, 639a. 
See also J. M.«der, Brit. J. Phot, 1921, 68. 658, ‘ 
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oxidising agent bleaches in the lightt |^iccording’'l!o the base and 
the acid dye selected, prints of a ^arge variety of coloprs are obtain¬ 
able having good gradation and vigour. ^ Fixing is done in borax 
or sodium phosphate. Pure whites have not yet been obtained 
and printing is very slow, but the process appears to be worth 
further study. 

*■ Mi.SCEUjAMEOITR. 

k 

An iifccresting pajicr by .T. Rhcinberg” djaws attention to the 
change in permeability to alcdhol of certain colloid films containing 
ferric ammonium citrate after this salt has been reduced by exposure 
to light. This phenomenon is the basis of his patents relating to 
a multicolour screen suitable for colour photography (vide J., 
1913, llKi; 1914, 513, 637). It is to be expected that a variety 
of u.scful applications yould be found for this I'cmarkable property 
of such exposed films. 

A new tyjie of electric lamp, '’Osglim,'' is being put on the 
market by the General Electric Co., having interesting possibilities 
for dark-room illumination. The light emitted arises' from an 
electric discharge between electrodes in a bulb filled with neon, 
or neon and mercury vapour. Although the candle-power per 
watt is very, low, recent experiments in the laboratories of Ilford, 
Ltd. have shown that with suitable safelight screens they arc 
more efficient for darkroom illumination than ordinary metal 
filament lamps, besides having a long life and generating very 
little heat, the consumption being only 5 watts per lamp. 

Theory. 

A number ^of papers of a mathematical nature dealing with 
the various characteristics of silver bromide emulsions has appeared. 
In view bf the number and complexity of the factors involved, it 
is unlikely that a mathematical solution embracing all such emul¬ 
sions will prove possible, so that while a thorough study of all 
.these factors and their inter-relations is highly desirable and is 
indirectly valuable both to the manufacturer and to those who 
’ use dry plates for quantitative work, it would-flot repay users to 
deterpiine the ‘ constants ’ in the very complex equations suggested 
for the '-.-iiaracteristic curve by Ross, Helmick, or Slade and 
Higson.’* _ ' 

The Hurter and Driffield method of determining the “inertia” 

. of a plate is well krlown to give results of ap unreliable character 

",J. Bheinberg, Phot.,.!.. 1921, 61, 120; J., 1921, 239a, 603a. 

• ’* F. E. Boss, Aatrophys, J., 1920, 201 ; J. Brit. A:’r. Assoc., 1920,31,26; 

' J. Opt. Soe. Amer., 1920, 4, 256 ; J., 1921, 323a. P. S. Helipiofc; Phys. Rev., 
1921, 17,' 135; /.,J921, 239a. R. E.'Slade aod'.G. I. Higson, Proc. Roy. 
Soc., 1920, A 98. 164 ; H., 1921, 27a. 
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if used alorie eriterioii of’sensitiveness, because of the consider¬ 
able variatiojis among commercial plates in the relative lengths 
of the lower and the middle, approximately straight, parts of the 
characteristic curve and the uncertainties arising from variations 
in the amount of choilical fog in different plates and fpr (Jifferent 
times of development. Moreover,' in all photometric wx'uk in ’ 
which light intensities are to be deduced from their effects on 
photographic emulsions, the greatest care has to be exercised 
to avoid numerous possible sources of error even when Adopting 
the apparently simple method of comparing ..the unknown with 
a series of known values recorded on the same plate or film, so 
that to rely on values deduced from a formula would be practically 
useless. 

In two important papers G. 1. Higson’* makes unambitious 
attempt to reconstruct the Hurter and Driffield characteristic 
curve by reasoning based on Slade and Higson's paper on the 
photochemical law of the silver hahde grain published last year. 
While the inathematicf^l reasoning in these papers has met with 
severe criticism*® and is based on assumptions difficult in some 
cases to justify, it is important to note that Sla<Ie and Higson’s 
experimental work, showing that under ordinary conditions of 
exposure (for times over about „‘„-sec. and with white light) and 
with most plates on the market, the density is proportional to the 
square of the exposure in the under-exposure region” has been 
confirmed by F. C. Toy.®'’ 

The experimental section of Higson’s second paper merits careful 
attention from all workers in sonsitometry, and lends considerable 
support to the mathematical introduction. 

Methods pf ^ i. itometry, based on the properties of neutral 
optical wedges, .ire rapidly coming into general use, both in this 
country and on the Continent. In connexion with them a |)aper by 
G. I. Higson is a useful addition to the literature of the subject.*' 

A new and rapid method of determining absolute reflection 
coefficients as the rc.sult of two observations only has been worked 
opt by \ H. Taylor** and independently by C. H. Sharp and 
W. F. Little,** while the former has devised for the purpose a ’ 
very ingenious portable instrument which should prove a variable 
addition to the equipment of any laboratory concerned tvith the 
photometry of paper or other reflecting surface^ prints, etc. 

’• G. I. Higson* Phot. J., 1P21, 81, 35, 144 ; J., 4921, 99a, 239a. 

*“ L. Silberstein anS S. E. Sheppard, Phot. J., 1921, 61, 205, 206, 252,' 
J., 1921, 324a. , , 

»' G. LJIigson, mSl.J., 1921, 61, 93 ; J.,4P21, 163a. 

** A. H. Taylor, Bud. Bur. Stand., 1920, 16, 421, and Scient. Paper No. 
391 ^ BuU. BureSUmd., 192(?, 17# 1; 'Seient. Paper No. iOj. 

*® C. H. Sliarp and W. F. Little, Trane.' III. Enf. Soe„ Arner., 1920, 802, 
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Several suggestions to employ seK-ljitninous mfetuTes of radio¬ 
active- and fluorescent substances as a rough standard of light 
have been made : (a) for the preparation of sensicometric tablets,** 
(6) as the comparison source in an actinojneter.®* 

PHOTOOHEMISCT.Y OF SlLVEE SaLTS. 

Two'papers have appeared dealing quantitatively with the photo¬ 
chemical decomposition of silver bromide in strong illumination. 
In the ^first, by W. Ehlers and P. P. Koch,** finely-divided dry 
silver bromide panticles were'" weighed” in an Bhronhaft-Millikan 
condenser and found to show a slight gain in an oxygen-containing 
atmosphere and a loss (reaching 10% for the smallest particles) 
in an atmosphere of nitrogen when exposed to a strong light. 
It is deduced from calculations based on these results, obtained 
under very different conditions, that in the photochemical decompo¬ 
sition of highly sensitive silver bromide by weak light a loss of 
weight occurs corresponding to approximately 1 Br atom per 
particle of AgBr. The second paper, by R. Schwarz and 
H. Stock,*’ deals with the rate of eliminafeon of brominl'. from wet 
precipitated silver bromide when expo.sod to daylight in three 
different states of aggregation, obtained by adding excess pf a 
potassium Jiromide solution to an acid silver nitrate solution, and 
from a fourth variety obtained when excess of silver nitrate was 
employed. Considerable variations in sensitiveness were observed 
between the different specimens. 'She curves connecting the 
average rates of loss of bromine per hour with the logarithms of 
the average light intensities during exposure are said to be similar 
in type to the characteristic curves of photographic emulsions. 
Beyond a certain average intensity of illumination a sharp fall in 
the average fate of loss of bromine was observed', and consequently 
it is asserted that solarisation is accompanied by a diminution in 
the rate of its elimination. In vieiV, however, of the diificulties 
invariably found in making a number of separate preparations of 
similar sensitiveness on a small scale, the results are of doubtful 
trustworthiness while, in any case, the above curves do not show the 
course of the reaction during its progress for any given preparation 
and for a given light intensity as does the characteristic curve 
of a' pl^e. 

Further stpdies of the effects of coloured lights on the photo¬ 
chlorides of silver by F. Weigert ** emphasise once again the ma^^al- 

E. Huse, Basti/ium Ko^k Res. Lab. Rep. N<^ 1102. 

C. C. Howenstine, U.S.P. 1,301,999. F. J. Hargreaves, F.P. 619,081. 
« W. Ehlers and P.*P. Koch, Z. f. Phyaik^ 1920, 189; J.C.S. Abat, 
1921,120.289. ‘ 

. « R. Schwarz and H. Stock, Ber.^ 1921, 64, 2111; J.,‘1920, 791a. 

*• r.AWeigerK Ann, d, Phyeik, 1920, <68, 68l*; 19y, 28, 

118,153, 
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ling action of re^imentatiofinviiich light waves exert on ultramicro- 
soopic pafticles, while a new method of preparing silver soIsAaving " 
particles of known dimejjsions which has been worked out by 
K. ScHaum and H. Lang‘‘ is a valuable contribution to the question 
of the relations between colour and size of particle in such camplexes, 
a subject which is discussed by F. Formstecher*“ in its'bearings* on 
chlorocitrate print-out processes. ’ , 

It is being urged by some prominent scientific? workers that all 
chemical reactions ancl cchanges of state are initiated by radiation." 
Confining ourselves to generally acknowledgctl photochemical 
changes, however, it certainly seems necessary in all cases to 
assume that the absorption of light energy leads to a liberation 
of latent valencies (dcictrons), or some activation of the molecule, 
as the initial step in the process, the succeeding stages depending 
chiefly on the nature of the neighbouring nfoleoulcs.’'- 
The writer’s suggested modification of the silver germ theory 
of the latent photographic image has been criticised by Lilppo- 
Cramer*^ apd S. E. Sheppard,** who are both of the opinion that 
the suggested y)hotoolectric discharge of negative electrons from 
colloidal silver held in solid solution in silver bromide (resulting 
in electrically neutral silver gel particles) is improbable. In this 
connexion it is of interest to note H. P. Stevens’ obsctvations'® 
on the rapid (and reversible) change of certain rubber sols into 
gels on exposure to light, while to the writer it seems inconsistent 
of Luppo-Cramcr*® to attribute the fogging action of certain basic 
dyes and neutral salts to the neutralisation of the negative electric 
charges on the silver amiorons supposed to be formed in the ripening 
process and yet to deny the possibility of light bringing about the 
developable condition by the removal of these electri^ charges. 

I M. Volmer" a€^:''ios that by the action of light a change in the 
silver bromide grains arises at individual pointe, resulting in- 
differently attached silver atoms, while Sheppard, and Trivelli** 
suggest that “ some degree of migration and oriented concentration 
of the silver cations will occur in the silver halide crystal lattice 
which wifi favour the essential photochemical change, i.e., 

** K. Schaum and 1^. Lang, KoUoid-Zeits.j 1921,28, 243 ; J., 1921, 561a. 

F. Formateoher, Phot. Ind., 1921, 439, 455, 690. ® 

“ Faraday Society, DUouBsion on CJhemical Change and 'Catalysis, 
Sept. 98, 1921; J., 1921, 3^b. See also Brit. Assoc. Afidrera, Prof. 0. W. 
Bich^dson, Nature, 1921, Nov. 17, 372. 

" P. R. K6gel, A)(. fforr., >920, 57, 308 i 4921, % 66. 

Lflppo-Cramer, Phot. Karr., 1920, 67, 269, 286. 

'* S. E. Shej^»ard, J. Phot., 1921, 68, 4. u 

H. P. Stevens, Ji? l921, 187 t. '* 

LilLppO'Cranker, Die 1921^ No. 9; see also ** KoUoidohemie u. 

Photographie,” 2iid ed., p. !^8. • o 

" M. Volmer* Z. mas. Phot., 1921, 20,189; J., 19*1, 23#a. 
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Br'.Ag-—>Br +Ag; in words, tho pajiiage of aff‘olc!fctron from a 
brominp ion of the lattice to a silver ion ” ; they promise to 
discuss the energy relations later. The.crux c)i the problem lies 
in the deficiency of energy for the efl'eeta produced, and fn this 
respect k; is on all f(ftirs with the difficulties discussed by Prof. 
0.' V'/. Richardson” in his' recent Presidential Address to the 
British'-' Association. 

Theory or Development. 

In March, 1920^ the writer®' called attention to the catalytic 
nature of the process of chemical development and pointed out the 
possibility that the effect of a reagent which apparently “destroyed” 
the latent image might in some eases be due to '■ poisoning ’ of the 
catalyst formed by light instead of its removal by solution or 
transformation into d'ncw chemical compound. 

The catalytic character of tho development process forms the 
theme of the paper by M. Volmer®’ cited above. He emphasises 
the difficulty of accepting the older idea underlying the silver germ 
theory of the latent image, according to which there was no essential 
difference between chemical and physical development except in 
the origin of the deposited silver, the original nucleus in either Sase 
growing by* accretion as the silver gets thrown out from a super¬ 
saturated solution. 

On the catalysis theory of chemical development, however, the 
silver bromide grains are rapidly reduced in situ as a result of 
contact catalysis, the processes of solution, reduction to silver, 
and its deposition being accomplished without bringhig into play 
the transportation of supersaturated silver solutions outside the 
ambit of the individual grain. A paper by A. Steigmann" also 
clearly brings out the distinctions between tfie two modfes of 
developing a latent image. 

Sheppard anej Meyer^"* have previously advanced the opinion 
that reduction of the silver bromide grain is preceded by adsorption 
I of the reducing agent and takes place in the breakdown of this 
adsorption complex, the process being accelerated or initiated by 
the latent image as silver nucleus. In the paper already cited this 
is amplified. 

In thv^ght of the accelerating effects already referred to (of 
phenosafranine on quinol developers and' the mere dilution of 
some other develoj^rs) it is clear that differences in the initial rate 
of attack, bn which'*the old arbitrary distinction between ‘‘slow” 
and ‘‘rapid” developers was chiefly based, are a very uncertain 
index of the relative eflergies of different agpQts. While we must 

** F. F. Renwick, J.t 1920, 156t. 

A/St^igma^n, Phot. Ind., 1921, 56 

S. E. Shej^ard^'oad G. Meyer, phot. J., 1920, 60» 12. <' 
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compiexes 


The heats of^cftnbustion ofinumerous aromatic 
determined in the Eepar-h Department by W. E. Ga^posed 
C. L. Abemethy.Vnd have now been published. “ These? oTy®™' 
differ inaterially from the heats of detonation beoai^'^'^idess 
is complete. From* the heats of combustion the heats oi^ma?; 
from the elements are cdoulated. 


Sensitiveness. 

The determination of this propei’ty with accuracy is jl(|e»ded 
with great difficulties, as it is affected by th3 nature of the surfaces 
betweeh which it is tested and the physical condition of the explosive 
itself. The falling weight apparatus is the only one which gives 
results which can be expressed readily in figures, but here the further 
difficulty comes in of deciding whether in any experiment the 
explosive has exploded. Tnis has been overcome by an ingenious 
device of Rotter’s, whereby the small quantity of explosive under 
test is in an air-tigbj space and the quantity of gas evolved can 
"therefore be measured. The degree of insensitivciiess is measured 
by the -blow that is required to decompose Rialf pf the ■felosive. 
To avoid the uncertainty due to the surfaces thfej^otre st a^^r dWd 
each time by testing a standard explosive, such -aa ^(Slpr^der, 
picric acid, or fulminate. The following are some of the “ ijgures 
of insensitiveness ” :—^Mercury fulminate, 10; nitroglycerin; 13 ; 
dry guncotton, 23 ; tetryl, 70 ; tetranitroaniline, 86 ; picric acid 
(standard), 100; trinitrotofuene, 115; amatol, 80/20, 120. 

Falling weight determinations have also been carried out by 
C. F. Van Dvin and B. C. R. vanLennepon a considerable number 
of speeiaHj’ pi i pared nitro-oompoun(^ to ascertain the effects- 
of constitution and substitutions on the sensitiveness. They find 
that compounds containing two nitro-groups in the >rtfto-positioDj 
to one another are always somewhat sensitive in consequenae of thp 
mobility of the nitro-group. Consequently tetorat’^lt'/ii'cna, 
derivatives are always much more sensitive than Irinitro, but the 
presence of amino-groups increases the stability, whereas a methyl- 
nitroamiao-group renders it more sensitive. Thus tetranitro¬ 
aniline is %yghtly less sensitive than trinitrophenylmethylniteo- 
amino and teJranitrD-m-phenylenediamine is much more insensilive. 
'TPJUber is a function of the heat of detonation and Ahe vciuine^ 
of gas evolved. The ^French calculate the ‘‘force’4 fp^ ttie 
*vol«une of the gases at the temperature of explcjsion, but the latteer 
can only be arrived at by making assumption^ as to the specific 
heats of the gases, and there is great uncertaiatj^as to these at tha 
high temperatures involved. It is injured directly either by the 
ballistic pendulum oi;4he Trauzl leaA block test, more usually Gie 

» Pne. So». SoOm 1924,* *J|P, 213 j J., 1921, 630a. ( 

Bee. Trap. Chim., 1920, ?* ’-S ■. J 19*9. 67<V 
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Br'.Ag'-(,ugh here again there is a diS-iulty in obtaining consistent 
bromirje-results. The test has been>'re-eicamiijed by H. Kast, 
disc^firms that the volume of the enlargement is practically 
in deii^f tjie density of the explosite, but the lead should be 
rp' ardiseii by firing a standara explosive in'it, and the results 
.6uld be Korrected for the temperature' of the experiment, as 
ollowsn -t-iO‘'C., correction +10%; 0°C., correction +6%; 
+5° C.‘. correction+3-5%; +10° C., correction+2-0% ; +16° C., 
correetiv,'' 0%; +20° C., oorrv-ction -^2%. - 


Violence. 


Another factor which greatly influences the effects produqed 
by explosives both for military and civil purposes is the rate of 
detonation. The \dolence can be measured directly by the crushing 
effect on small copper cylinders, a method which has been developed 
by H. Kast,®* who gives a number of determinations made by this 
and other testa. The cartridge of explosive is unconfined and 
should be not less than 7 cm. long. The amount of ciushing of 
the' copy'^^is the' independent of the length of the cartridge and 
is app-i ^lately proportional to the product of the power of the 
explosive, i& density and its velocity of detonation. He gives the 
following results ;— 


Explosive, 

Density 

Vely. of 
detn. 

Trauzl 

AVP 

Crush* 

ing 

(A) 

m/sec. (V). 

C.C. (P). 

10* 

tost. 

BlastiiiK gelatin .. 

1-63 

.. 7800 .. 

490 .. 

6-2 .. 

4-8 

Nitroglycerin 

1-60 

.. 7460 .. 

486 .. 

6-2 .. 

4-6 

'’’etryl . 

1-63 

.. 7200 .. 

330 .. 

3-9 .. 

4-2 

Hexanitrodiphenvlamine.. 

1-64 

.. 7100 .. 

300 .. 

8-5 .. 

4-1 

Trinitrobenzene .. 

1-63 

.. 7000 .. 

310 .. 

3-5 .. 

4-1 

picric ac^ .. 

Trinitrochlorobenzene 

1-69 

.. 7100 .. 

290 .. 

3-5 .. 

4-1 

1-74 

.. 7100 .. 

290 .. 

3-6 .. 

41 

GwlignitiC" .. 

1-66 

.. 6100 .. 

365 .. 

3-7 .. 

3-9 

Tl jutruta. ■ .. 

1-59 

.. 6660 .. 

286 .. 

3-0 .. 

3-6 

Trinitrotoluene 

1-69 

.. 6700 .. 

280 .. 

3-0 .. 

3-6 

Tiinitpocresol 

1'62 

.. 6850 .. 

270 .. 

3-0 .. 

3-5 

vDynomite Ni. 1 .. 

1-50 

.. 6660 .. 

300 .. 

30 .. 

31 

.'Qttneotton (dry) .. 
■Amatol 40/60 . 

1-30 

.. 6300 .. 

340 .. 

2-8 ^ . 

3-0 » 

1-66 

.. 6330 .. 

330 .. 

Itpa .. 

2-9 

Binitrobenzene . 

1-60 

.. 6100 .. 

245 .. 

2'2 .. 

2-9 

T ammcmal 

1-60 

.. 6400 .. 

410 .. 

3-6 .. 


.fhinacttton (wot) .. -.i. 

1-28 

.. 6800 .. 

276 .. 

2-4 .. 


•CSuidriilLi R rr 

1-3 

.. 4000 .. 

400 .. 

21 .. 

2-3 

:D<jn«m?r‘. 

1-3 

.. 4000 .. 

360 .. 

1'9 .. 

2-0 

^awiWiteflO .. 

1-3 

.. 3000 .. 

250 .. 

10 .. 

14 

(• 


t^^ it should be borne in mind that 

'a, and ammonal probably gi^e abrior- 
Tcaiizl test because the lead is undtdy 
es some of the more insen- 

»«» S. E. SheEF»':^»wW»flV. ,t<t. 181 j Ji, 1929,706i. 
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admit the formation of moifc.easily reducible adsorption complexes 
in the cases aboye mentioned, and in many other similar phenomena, 
some unpublished Experiments of the writer’s show that exposed 
plates loathed for 1 nynute in I : 1000 neutral solutions of Chrysoi- 
dinc or Patent Blue are. developable only with extreme ijlowness 
in most developers, thus demonstrating the possibility f)f'‘powtta- 
ing” the catalytic activity of the latent image by the formaiion of 
an adsorption complex with the silver halide of <juite the opposite 
character. In these ca^es also the effect varies in degree ii^h the 
. reducing agent employed and is sufficiently pow|!rful with quinol 
and some substituted quinols to make development practically 
impossible. Removal of the dye by prolonged soaking in suitable 
baths (weak acetic acid for Chiysoidine and weak alkali for Patent 
Blue) restores the capacity for development. 

That the catalytic activity of the latent image may be poisoned 
similarly by mercuric chloride is suggested by A. St. to account 
for the “ destructive " action of this salt when intensification of 
the latent image might b|ve been expected. 

In connexion with catalytic reactions of this kind, it would bo 
■yell worth while to investigate in a scientific and quantitative 
manner the well-known catalytic accelerating actions of traces of 
lead, bismuth, and mercury salts in the development of^oW-bath 
platinotypo paper, while the extraordinarily ]iowerful poisoning 
action of tartar emetic on this development leaction (writer’s 
observation, not i)reviously J'ublished) is of considerable interest. 

E. 0. C. Baly and his co-worker8'“2 have published two important 
photoohemicat papers during the year, the first dealing with the 
mechanism of the combination of hydrogen and chlorine on illumina¬ 
tion, and the soi^rmd with the photo-synthesis of formaldehyde 
and casbohydfatc I'lom carbon dioxide and water. Iil*the former 
paper strong arguments are adduced in favour of the view that^ 
the cause of the considerable deviation from a simple proportionat 
relationship between the reaction velocity and the Tight intensity 
is due to the re-absorption by' the reactant molecules (uncombined 
chlorine and hydrogen) of the energy radiated by the hydrogen 
chloride in process o^ formation, with the result that many more 
of the former become activated than would otherwise be the case. 
In tins, and more fully in the second of the above mentionq(J jgapers, 
a ne\^ hypothesis to acc<#mt for photocatalysis (coloqr-sensitising) 
of a .photochemical reaction is suggested. Accerding to Baly a 
photoeatalyst mu^ contain,the same elemen^iy atoms as the 
light-sensitive substance or must form a compound or complex 
with it, but altheugh he states that the sensitisation of photographic 

“1 A. St. Ind., 1921, 296. 

E. C. C. Baly and W. t’. BarkSr, Chr.m. 8oc. Tram.. 19^1, H9, 603. 
E. C. d Baly, I. M. Heabron, and W. F. Barker, i6«4,»192B 119, 1026. 
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plates to red and yellow light can pi^ohf.bly be explained on these 
•-lines he does not discuss the subject further. At present we have 
no real foundation on which to biiild up a theoiy ol colour-sensitising 
for we do not know what factors are indispensable. Most workers 
believe that there must be some sort of union or adsorption between 
the’5!l;fe and the silver halide, "but it is evident that it may be a very 
loose connexion since the considerable blue-sensitiveness eonferred 
on silver chlorideiby Auramine is readily removed by washing 
out then dye with water only. Baly’s views on this subjeet are 
far too general in character to be of any assistance to photographic 
chemists at present in the search for efficient sensitisers. 

It has now become almost impossible for any one worker in 
photographic science to appreciate at their true value, or even 
to follow closely, the advances being continually made in the 
many fields of inquiry from which photography daily draws fresh 
inspiration, but if this report achieves its purpose, even in a minor 
degree, it cannot fail to indicate something of the diversity, difficulty, 
and fascination of the subject. 
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EXPLOSIVES. 

By A. MAESgAix, 

Chemical Inspector, Army Ordnance Dept., Kirkee, India. 

American Explosives Law.‘ 

Before the United States entered the war in 1917 the regulation 
of explosives was in the hands of the individual states exeept as 
regards inter-state commerce. The prevalence of bomb outrages 
by enemy agents and others then made it necessary to pass a 
uniform law for the whole country, and exercise far greater control. 
An Act was therefore adopted and approved on October 6, 1917, 
andj like much war-time legislation, it was of a very drastic 
character, for it not only rendered it necessary to obiaiu %Jicence 
“to have in possession or purchase, accept, receive^sell, give, 
barter or otherwise dispose of or procure e.xplosives,” but the 
same restrictions were oxl^ndcd to ingredients except when pur¬ 
chased or held in small quantities and not used or intended to be 
used in thc^ manufacture of explosives. As practically any sub¬ 
stance under the sun could be used as an ingredient of an explosive , 
it was necessary iu the administration of the Act to restrict this 
part of it to px^^.i, n carriers. Even so a licence ha^^to be issued 
not only to every druggist and doctor, but also to every butcher 
who required saltpetre to salt his meat and to the meriibers sA 
many other professions and trades. 

Numerous licensing agents were appointed under the Act, and 
their inquiries revealed a most deplorable state of affairs. Great, 
stqres of *qyplosives wore found witliin the limits of cities and 
towns. In hundreds of places explosives had been abandoned 
by»the owners without any protection whatsoever. Thousands of 
storage places were of such poor construction that £»]• person 
could enter and obtain Explosives for criminal purposes, and this 
had*been the usnqjl practice of “ safe blowers ” and other criminals, 
in spite of the fact that djmamite couW be bought as easily as^ 
cheese. 

Notwithstan3ing tj^s’great improvemente Effected by the enforce¬ 
ment of this ilct, it was naturally unpopular on account of the 
interference with so many ordinary and innocept .occupations, 

‘ See BvU. 1*98 oj V,S. Bureau of Mmea, by 0. Ef Muntoe, 1921. 
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SO although the Act remains in forcfc WtU the 'United States are 
declared officially to be no longer at war/shortly after the armistice 
the activities of the inspectors were ^catly reduced by.putting 
off supplies of money. Licences wore done al^'ay with for vendors, 
pi^chasbcs, foremen, analysts, educators* investors, and investi¬ 
gator, and" are now required only for manufacturers, exporters, 
an/l importers. It is proposed, therefore, that a new law bo enacted 
for the regulation of the manufacture, .storage, sale and u.se of 
explosfves. , 

Gunpowuer. 

Sallpetre. 

Gunpowder is still used for many purj)oses in the manufacture 
of munition, such as filling the time rings of fuzes, pellets, and 
ignition charges, safety fuze and the opening charges of shrapnel 
shell, and consequently there was a greatly increased demand for 
potassium nitrate just at the time whqn the principal supply of 
potash salts, the Stassfurt mines, was cut olf from the Allies. 
Other .sources were therefore developed, and especially the Indian 
saltpetre industry. The output in Bihar, which was formerly the 
principal epat of the industry, did not incrciise very much, but in 
the United Provinces and the Punjab the production rose so much 
that in both these provinces it was larger- than in Bdiar. The 
methods of the Indian saltpetre woricors have been investigated 
both bacteriologically and chemically by C. M. Hutchinson, who 
finds that they are not irrational, although they mighfi be improved 
jn some respects, especially if the Indian Salt Department did not 
interfere so much.^ 

Attempts were also made to develop supplies from Chile * and 
..^outh 'Africa,* but these had not amounted to much when the 
war ceased. 

For ordinary blasting purposes the difficulty was overcome by 
using sodium nitrate instead of the potassium .salt, and the sanction 
for this substitution is to be permanent in the United ‘Kingdom.* 
In many factories structural alterations were necessary in conse¬ 
quence of the hygroscopic character of sodium nitrate. As Jiis 
salt iSfOtnsiderably cheaper than saltpetre its use should check 
the diminuti«,n in the consumption of black blasting powden In 
America, where it' has always been used, the output does not “tend 
to decrease. ThermUliijg and other processes of manufacture 
can also be shortened and cheapened. 

Bull. 68, Agric. Res. Puaa. 

J ., 1920. 221r. 

' K G. Bryant. J., J921, 300t, 435u. * 

' Ann. Repi. oj Inspector of Eioplosives, 1914. 3. 
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NAsMfcELLULOSE. 

Cotton. 

Urffil recently pijictically the only variety of cotton used for 
the manufacture of guncotton for cordite and oth^r service 
explosives in England was cotton wtwte, and bcfoK; tSe vi^the 
waste that was supplied to the makers of the guncoj^on was 
generally of poor quality in spite of the rigid sfjecification th&t it 
had to pass. The gpod “ spun ” waste was broken dgwn and 
re-spun for the manufacture of cottita blanket^ etc., and much of 
it was exported to Germany and Belgium for this purpose. The 
material used for the manufacture of guncotton was therefore the 
sweepings of the cotton mills, which had to be submitted to a 
drastic jmrification jwocess, causing a partial breaking down of 
the cellulose complex. During the war the,average quality of the 
cotton waste used appears to have been bettor, but at present, 
of conrse, the high-class waste is again being worked up into textile 
materials. The British Navy has now abandoned the use of cotton 
waste and has adojited mstead “ sliver,” which is the purified fibre 
in the form of loose strips before it has be.en spun.® This must 
giv^ a more stable nitrocotton. It is possible that the Army 
will adopt tl.o same material. Sliver when examined luider the 
microscope by W. L. Balls’ xanthogenate method ’ is sdfn to consist 
almost entirely of well-matnred fibres, whereas the “ fly,” which 
constitutes a large proportion of cotton waste, consists mostly of 
immature fibres, and the waste also contains much fibre damaged 
by the attack of bacteria or chemicals. 

American nitrocellulose ijowdcr is made from the short fibra 
cotton that reiynins on the seed after the lint has been removed. 
Mxcspt in the of the high-class cottons, Egy^jtian and Sea 
Island, some !(('/„ of ” fuzz ” remains thus on the cotton seed. A 
further quantity of short fibre can be. removed by suitable diechaniflal 
appliances and this is known as “ linters,” but Ihere is still some 
more fuzz adhering to the huU, from which it can only be removed 
after dcfortication.® In order to free the hull fibre from partioleg 
af husk iW* necessary to subject it to a very drastic treatment with 
caustic soda undej' a pressure; of lOO-lJO lb. per sq. in., and their 
Uith bleaching powder. Husk residues can also be remov^ by a 
process of fermentation, but this must have an even%ft:se effect 
01 }* the cellulose. !^Jh linters and hull fibrq, bul especially the 
latter, are also liable to be injured by exposure to the weather before 
• * 

® TimeSt Sept.. 12, 1919. 

■ Proc. Pojf. iSoc.. 11119. B 90» r>42 ; Ann, 1919, 114. 

* E. d& Segund^ftT Roi/. Soc. Arts, 1919,Y7,184; J., 1918, 118t ; 1919, 
185a. J. WaWacc, Popen 4919, 34^ J,, 1919,569a. E. C. Wordeu, “ Tech¬ 
nology of Celltiloso Esters,” 1®1, Vol. 1., 579. O. Knpss *nd S. D. Wells, 
Pulp ami Pa^r Mag., 1919, 697, 726 ; J., 1919, 80<A. 
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they are removed from the seed, so 1i|At the mkKsri&ls cannot be 
considered as really suitable for making^ stable explosives, rmless 
precautions be taken to prevent'such deterioratfon. 

In Germany and Austria the supply of cotton waste and lintcrs 
began tp faij early in the war in conse(>uence of the blockade. 
First.'fchey fell back on cottoh and linen rags and when the suppl5^ 
of the^. also became inadequate they adopted the use of wood 
cellulose, preliminary experiments on which had been done before 
the wap.“ Thin tissue paper manufactureck by the Eitter-Kellner 
modification of the sulphite'' process is the most suitable. It is 
used in the form of fiakes 5-10 em. across and of such a thickness 
that a square metre would weigh 18-22 g.*" 

NUralicm. 

In England Thoms&n's displacement process is generally used, 
and it has also been adopted in France to a considerable extent, 
but in America a different method has been worked out by Du Fonts 
and a plant on this system was erected at Irvine in Scotland for 
the manufacture of the nitrocotton for the nitrocellulose powder. 
It was also used in Germany. The process is a development of the 
Ardeer direct dipping method but it has been possible to dispense 
■with much'vf the hand labour by the adoption of short-fibre cotton, 
such as linters and hull fibre. The plant is erected in a building of 
4 floors,^ the top one being occupied b^ the motors, the one below 
by the nitrating tanks or dippers and measuring vessels for the 
acid, the ground floor by the centrifugals, and the basepent by the 
drowning tanks. A unit consists of one measuring tank, four 
dippers, one centrifugal, and one drowning tank, and a standard 
nitrating house contains nine of these units. . The dipper^ is a 
cylindrical sfcel vessel about 30 in. in diameter and 48 in. deep 
■with a fconical bottom, fitted ■with a cover, a double mechanical 
stirrer, and a vfooden fume shaft. The charge consists of 301b. 
of cotton and 1500 lb. of mixed acid, which are fed in simultaneously, 
the operation occupying 2 minutes. For soluble cotton the time 
of nitration is about 20 minutes and the stirrer is kept going the 
whole time. The charge is run through a 6-in. pipe into the 
centrifugal below, which is rotated slowly until the whole has beefl 
receiv&r-w^en the speed is increased to 1150 r.p.m. and kept at that 
for about 5 mkiutes. The contents are thfii discharged by mtons 
of forks through the bottom into the drowning ijank, whence Ihe 
nitrocellulose is carried by the water to 'the pump-house from which 
ft is pumped to the boiling house. 

• See Atm. Bepis., 1910,/38, 659 ; 1920, 538. 

“ For a specification of the material and, other infonnation see R. 
Schwarz, 0^rf„ C^em. Zeit., 1919, 60 ; 'J., 1919, ff62A. • • 

** Worden, “ ^eohnWogy of Cellulose Esters,” 1921, 'Vol. 5., 1994-2001. 
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The principal^bject of boiling both the cellulose and the nitro- 
cellijhjse is to decompfifee and remove unstable procJjjcts. The 
stabilisation is alstf assisted by reducing the product to a pulp in a 
beater. A type of bbater much ijsed in America i»*th».5Iiller 
"duplex beating engine, which has two bed plat4s fitted with 
stationary knives, one below and the other above th^ rotating 
knife roll.“ Worden states that the addition bf a minute amount 
of a nitrocellulose sdlvent, such as p-1% of acetone, to the water 
in the beater decreases materially the time of beating. The Jordan 
engine is also used to reduce still further the state of division of 
tjje pulp, and then it is sometime!- forced through a screen and the 
particles that are retained are returned to the beater. If the 
pulping bo excessive, however, it increases the solubility in ether- 
alcohol. * 

Drying. 

When the nitrocellulose is to bo gelatinised by means of ether- 
alcohol ttc use of stoves for drying may be avoided by displacing 
the water with alcohol, and this method was used at Pembrey as 
also at numerous Continental and American factories, but at 
Gretna it was dried in Quinan stoves. A drying ijjpa* on this 
principle contains a number of bays separated from each other by 
walls. In each is a shallow tinned iron pan in which a perforated 
diaphragm is supported ifn felt strips. On this is placed a piece 
of fabric on which about 33 lb. of wot nitrocotton is spread evenly 
and then a silk screen supported on a wooden frame is placed over 
it. Hot air at a temperature of about 65° C. is blown through f« 
48 min., then ct/d air for 9 min., and the dry product is ready to be 
unleaded. The ' iitire operation takes an hour andethe operatives 
pass up and down the building unloading and reloading, each ;gan 
in turn. The floor is kept wet. The consumption of steanl at 
about 100 lb. per sq. in. in the heaters was 2433 lb. per lb. of dry 
nitrocotton produced, or, as the wet material contained about 
32 % ofmioisture, 5-6 lb. per lb. of water evaporated.*’ 

YiscosUy. 

A considerable amount of work has been- done on^h» ^cosity 
oHhe colloidal sols of 8otton and nitrocotton, especSally in E^land. 
ll has loi^ beeq recognised how important this property of viscosity 
is In most of the iadustrfbs in which eelluloSe or a derivative of it 
is used in conjunction with a solvent, but progress has been impeded 
by the diificultj^in obtaining conc^dant results -with cotton 
dissolved in cuprammonium solution or other solvent, and the 

• « See E. t). Worden, op. eft., pp. 2086-2090. 

*’ “ H.M? Factory, Gretna, Description of Plarft and^Prooesses,” p. 138. ' 
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consequent doubt as to whether the*fig<res obtaiied really repre- 
•sented l^ie nature of the colloid,under exj«nination» ]?roJiminary 
experiments had been made in England as»in othet countries Jjefore 
the war, "but these had not led to any very definite conclusions. 
During tbq war difficulties in obtaining uniftn'm results in the manu- 
factHire of cordite R.D.B. an<f the need for economy in the use of 
solvcntffled to fresh investigations by a considerable staff of chemists 
in tile Research Department, Woolwich Arsenal, and the Depart¬ 
ment of Explosives Supply of the Ministry of»Mumtions, and deter¬ 
minations of viscofities became part of the routine in the mills 
where the cotton was prepared. Many of the results of these 
researches have now been published. W. H. (libson and L. M. 
Jacobs describe the falling sphere viscosimeter that is u.sed,'^ and 
for the examination of solutions of nitrocotlon, and (libson gives 
the dimensions of tho narrower tube that is employed for the 
deeply coloured solutions of cotton in cuprammonium.''^ In this 
they arrived at a different conclusion to E. E. Higgins and E. C. 
Pitman in America, who preferred tlie Storraer rotating; disc vds- 
cosimeter on the ground that it is available over a greater range of 
viscosities.'* L. Spencer and R. McCall give the special precautions 
that are recommended to ensure concordant results, but do fiot 
describcf'tfia^atest method for this preparation of the solution. The 
liquid must contain definite proportions of copper and ammonia 
and the solution of the cotton must be jirotected from light and air, 
both of which rapidly reduce the viscosfty. 

The results obtained by the application of these methods are 
discussed at some length by R. A. Punter,” but they fnight with 
b;dvantage have been expressed more clearly. A fairly close 
relationship was traced between the viscosities of the solutions of 
the cotton and of the nitrocotton. Both are affected greatly b^ the 
bqiling pcpcesses. To obtain cotton which gives a uniformly low 
viscosity it is necessary to subject it to a drastic treatment with 
caustic soda in the kicr under high pressure. The initial proportion 
of caustic soda to water should not be less than 3%, the pressure 
Should be at least 40 lb. per sq. in. and preferably 70 oi* 80, the 
time of treatment at leastjlO hours. Cotton that had Ven kiered 
at 40 lb. pressure was found on nitration to giVe less unnitrated, 
fibre tHaj^ tiiat which had been treated at lower pressures. The 
omission of the bleaching and souring processes makes no differe»ce 
to the viscosity. In’the case of linters as used for the manufactifre 
of nitrocellulose powAsr by pu Font’s method,, it was found advis- 

Ghem. Hoc. Trans., Ip20, 117, 47.1: J., 658a p Ann. Septs., 

1920,689. 

■■ Ibid.,m. 

J. Qhem., l»zo, 12 , us/; J.t lazu, osia. 

” J., 1920, 3338?. 
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able to have*?he pressuJ» Ih the kiors at least 70 lb. per sq. in., 
probably because this, material, contafns a larger proportion 
cut^ellulose wlfich is (July attacked slowly by the ca^ic alkali. 
Nitrated cotton udiich has not been boiled gives solutions of very 
high viscosity, but this falls during,the bofling at first^pj^j and 
then more slowly. 

A study of the viscosities of solutions of nitrocellulo^in pther- 
alcohol has been published by W. H. Gibson*and R. McCall.*® 

These researches were rediscussed by Sir R. Robertson In a paper 
read before a joint meeting on colloids held by»tho Faraday Society 
and the Physical Society on October 25, 1920,'* and also by F. 
^roxton, who ascribes the lower viscosities of solutions containing 
a small proportion of water to the affinity of the hydroxyl groups 
of the cellulose molecule for w^ater. They have also a considerable 
affinity for alcohols and especially for IJotones. Sproxton deals 
with the question more from the point of view of the manufacture 
of celluloid. (1. Barr and L. L. Bircumshaw gave the results of 
viscosity measurement* on solutions of cellulose acetate. In those 
also the addition of water to solutions in acetone causes the viscosity 
to fall to a well-defined minimum at about 6 5% w’ater, and further 
afiditions cause it to rise again. The admixture of alcohol to the 
acetone also (jauses the viscosity to fall but not to risg^dlJffln. Ben¬ 
zene, on the other hand, causes a. steady rise of the viscosity. 

W. K. Tucker deals with the question of the viscosity of nitro¬ 
cellulose solutions from 1;hc point of view of the manufacture of 
artificial leather in the United States.*" He also uses a falling 
sphere vftcomoter but with a steel ball, ^ in. in diameter. The 
time of fall of 10 in. in the solutions used varies from 5 to 60 seconffi.' 
He states Jhat^:''e solvents used are either acetone oil or ethyl 
aeftate, which nowever, are mixed with a consideAble proportion 
of a non-solveiit such as benzene or benzine, which iijsreases ,the 
viscosity. Formerly it was considered necessary to have present 
a proportion of a high-boiling solvent, such as amyl acetate or 
ethyl propionate, but most manufacturers now do without this, 
and sdhie state that such a solvent tends to make pinholes in fJie 
finished^oduct., High-boiling solvents give more viscous solution 
.than ethyl acet&te. The presence of alcohol in these solutions 
tends to reduce the viscosity. 

PKOPEIiAKTS. 

,An account* of the development of German smokeless powders 
during the war h^ been given by 0*. Poppenberg.** Even be^e 
■» X, 1940,17^ 

Sm J, 192*fl76B. The papers hav^sineo been published in the form 
of a Report by the D6pt.,of Scientific and Industrial Research. 

“ J. hi*. Eng. lOCl, Is, 62,'i; J., 1921, 6r*lA.. 

Schwfirte’s “ Die Technik im Weltkrieg6,”«J920., 
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the war the Grennans used for militai^ahd naval purposes powder 
'varying^greatly both ifi composition aad form,. Whereas wi 
employed cordite for every variety of fiirearm &id pressed^^it al 
throu^’ffies into cord or tube form, and the Si’ench used a nitro 
cellulose .powder, poudre B,^ in strip form, and the Americani 
• anoflier sort of nitrocellulose made into perforated cylinders, th« 
Germaniii,had both nitroglycerin and nitrocellulose powders made 
into flakes, rings, cubes, tubes, and stars. 

For nfliking nitroglycerin ppwders a variety of nitrocellulose was 
preferably used tl»t gave on gelatinisation with nitroglycerin a 
gel of comparatively low viscosity, the so-called “ PE-WoUe ’■ 
nitrated at a high temperature. Before the war these wore gelatin¬ 
ised with 20% of acetone obtained as a by-product of the wood 
distillation industry. As this source of supply did not suffice, 
ethyl acetate was largely used during the war, but this also required 
acetic acid for its manufacture. Increased supplies of both these 
solvents were obtained from the oxidation of acetylene according 
to the patents of the Hoechst, Grie8heim,»and Alexander Wacker 
companies. 

Much of the powder in flake form was, however, made without 
the use of volatile solvents by incorporating the nitrocellulose 
and nitr^lyrerin together in the presence of water between hot 
rolls. 

In consequence of the great scarcity of^fats during the war every 
effort was made to substitute other materials for nitroglycerin. 
Before the war a process had already been worked out by^the Koln- 
Rottweil powder works for the use of trinitrotoluene. In order 
fd obtain the same ballistics they employed a nitrocellulose of 
somewhat higher nitration than is generally u^ed in Germany 
for nitroglyceAn powders. They gelatinised the powder ben^th 
hesifed rrfls under high pressure and also shaped it at high tem¬ 
perature and pressure. In this way either part or the whole of 
the nitroglycerin was replaced, but the processes were not free from 
(fenger and there were numerous accidents. 

Attempts were also made to substitute dinitroglycok 4or nitro-' 
glycerin. The starting point for this synthesis \f.a8 alcohol, which 
was fir^t converted by means of chlorine and hydrochloric acid 
into dichleriSthylene; this was then saponified to glycol, which 
could be nitrated in, the same way as glycerin. But great dif^- 
culties and delays were experienced in starting thio manufacture, 
md when it was finally got‘going it was' found that dinitroglycol 
was not really suitable for powder manufacture on account of its 
vi^tility, which caused it‘to have a bad physidfcj^’cal effect on the 
wotkers. It was, however, used to a considerable extent for the 
^mannfactnre of, explosives for mining purpoSes. Eventually the 
supifly of glycerin wab increased largely by the fermfentation of 
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sugar, the proiSs being ^ijeloped by the Protol Company from 
the discoveries of Connstem “ 

The tubular powders ,^or the‘larger guns generally contained 
mineAJ jelly, and powders of this type and also in i9ke form 
frequently had adflitiops of urea derivatives such as OeQtralite or 
■lAkardite as stabilisers and additfbnal gelatiniser^. ‘Sorijelimes 
these were used merely to treat the surface and so infljjjnce the 
initial rate of burning. 

The nitrocellulose gowders sometimes contained these si,me urea 
derivatives and sometimes diphenylftmine. Pgr rifle powder the 
surface of the grains was treated with camphor. When the supply 
of this material from Japan was cut oil S 3 mthetic camphor made 
frwm tuipentine was used, but turpentine also became scarce 
towards the end of the war and Centralite was used instead. Some 
samples of powder for 15-cm. guns used 41 the land service con¬ 
tained nitrotoluenes, probably added for the same purpose. 

The nitrocellulose powders were gelatinised with ether-alcohol 
■ obtained by the fermen^tion of potatoes, and as all foodstuffs were 
scarce itVas necessary to exercise great economy and to recover 
as much as possible, not only from the drying stoves, but also by 
drawing away the air from the neighbourhood of the juesses tod 
absorbing the alcohol and ether in sulphuric acidiawers and 
finally with charcoal. It was thus possible to cut down the con¬ 
sumption of alcohol from 168 to 135 kg. per 100 kg. of powder. 

Nitrocellulose powders *wi re always used for small arms and 
field guns, the nitrocellulose being often a blend of 3 parts of high¬ 
nitrated cellulose almost insoluble in ether-alcohol and 1 part of 
low-nitrated soluble nitrocellulose. For naval guns nitroglyceriw 
powder in tube^form was used, but when the same guns were 
adapted for’Vise i ii land a nitrocellulose powder in 4 ube form was 
sometimes substituted. For howitzers nitroglycerin pqwders of 
the ballistite type in flake form were employed, and it ^^as prilibi- 
, pally in these powders that liquid trinitrotoluene was substituted 
for part of the nitroglycerin. In this respect their practice differed 
fundamentally from ours, as we often used nitrocelluloM powde* 

of the A*aiican type for our howitzers. 

• 

Ammonpidver. 

The Germans also used a propellant made by Ihotrporating 
85% of ammonium nitrate with 15% of charcoal tod compressing 
it* into large gellets having a density of af>ottt 1-4. This was 
prfictioally the same as a* powder that was tised by the Austrian* 
from 1890 to 1896 for guns of various calibres, but was given up 
again by theln i^nrour of ballistite.**^ • 

« SeeAtifi. Bepta., 1919, 296, 442 j 1920, 427, 637. 

See J. JSIayr, Z.^ea. Scjiiee#- «. SprengaU/ffw., 1J07,^401; P. Eusoh, 
Seeweaem, Jan., 1909; Snd., 1909, 73; also ^n. fepta., 1920, 657. 
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The most serious objection to it s«e^ to haVb«<)een that on 
storage the pellets were lie,hie to undergo changes which caused 
their parflal disintegration and tllb consecj^pent generation of high 
pressures^*!, the gun, and if left in a hot gun sigiilai’ changes Itook 
place, especially if the ammonpulver were (j^imp' These changes 
.were d’^3 the changes in tne crystalline form of ammonium 
nitrate, e^jjccially the one at 32“ 0. The Germans overcame this 
fault ‘to a considerate extent by using composite charges only a 
third or q^half of which was ammonpulver, t^e remainder being 
ordinary smokeless gowder. 01110 powder was kept dry either by 
placing it in a metai cartridge case closed with a cork or a bung 
of compressed peat in the case of fixed ammunition, or by enclosing 
it in a box made of nitroglycerin powder. '■ 

Early in the war the ammonpulver was made by the ordinary 
black powder process : incorporation under edge runners, pressing, 
breaking down, and pressing again. Later the incoriioration was 
carried out by mixing with water, which was then evaporated 
off on a heated rotating drum, but it was ^tili necessary to press 
twice. But finally a method was worked out by the Krause-A.-G. 
of Munich whereby one of the pressings was avoided. The finely- 
divided charcoal was suspended in a solution of ammonium nitrate 
which wa*,;^uced to a mist by means of a centrifugal disc, and 
the droplets were made to fall dottm a tower w'here they met an 
ascending stream of hot air. The granules were removed con¬ 
tinuously from the base of the tower and wore pressed automatic¬ 
ally into hollow cylinders. 

, The principal motive for the adoption of this powdet was to 
'.jaere the large amount of alcohol that is required for the manu¬ 
facture of nitrocellulose powder, but it also possesses virtues of 
, its own: in consequence of its low temperature ‘of explosion*it 
, erodes the guns very little, and for the same reason it gives little 
or n'd muzzle flame.“* 


American Powders. 

An account of the development of the smokeless po«'4ers for 
the United States Army and Navy is given by SI. C. Worden.*® 
He state^ that a process has recently been invented for drying ‘ 
the multi-t»bifiar nitrocellulose powder where^ the time required 
has been reduced from, several weeks to one or two days, but thd; 
nature of the method has not been made pubMo. iihe full dis-' 
'-.cugsion of explosives ebntaining cellulose'nitrates will, however, 
form the subject matter of Vol. VII. of this monume/ital work, 

^ ftnd^VoI. IX., now in the pr&% is to be a bibhogrS^y of explosives. 

0. Poppenberg, “ Die Technik im Weltkiiege,* ’ Jt920,104. 

85 nfCriAlInlnsA "Ro+awi.” Vnl. T.. nTt. 



